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ABSTRACT 
Brown seaweed have been widely used in the food industries to extract 
phycocolloids (alginate with gelling and thickening properties) that can be used as 
food additives. The objectives of this study were to isolate alginate from four 
subtropical brown seaweed, Sargassum hemiphyllum, Sargassum siliquastrum, 
Sargassum patens, and Padina arboresceus, by solvent extraction and to investigate 
their chemical and physico-chemical characteristics. The application of the gelling 
property of these seaweed alginate in fruit jellies was also evaluated. 
Crude alginate isolated by two extraction schemes (Method A and Method B) 
with different solvents from the seaweed samples were fiirther purified by 
precipitation. The proximate composition of the alginate extracted by the two different 
methods were determined. The gravimetric yield of the alginate isolated from Method 
B (17.7% to 27.8% dry weight) was significantly (p<0.05) lower than that of Method 
A (34.9% to 48.4% dry weight). The major common sugar constituents of all alginate 
extracts were uronic acids and galactose. The intrinsic viscosity and the M/G ratio of 
the seaweed alginate obtained from Method B ranged from 9.67 dL/g to 22.8 dL/g and 
0.68 to 0.95, respectively. Alginate prepared by Method B had significantly (p<0.05) 
higher purity and monosaccharide content than that from Method A. 
The solution and gelling properties of the alginate extracted from Method B were 
further characterized. Intrinsic viscosity of the alginate extracts was determined by a 
capillary viscometer. Solution viscosity of the extracted alginate at different 
concentrations and temperatures was determined by a rotational Brookfield viscometer. 
The viscosity of S. patens was significantly (p<0.05) higher than that of the other 
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brown seaweed. The viscosity of the seaweed alginate solutions decreased with 
increased temperature (from 20�C to 75 °C) and the viscosity of S. patens was about 
ten-fold more than that of the commercial alginate (from Macrocytis pyrifera). Besides, 
the viscosities of the seaweed alginate solutions were found to be 
concentration-dependent, time-independent and shear-thinning. 
Molecular weight distribution of the seaweed alginate was measured by gel 
permeation chromatography-laser light scattering (GPC-LLS). The weight-average 
molecular weight of the alginate from Sargassum species varied between 1,200,000 
and 3,500,000 which was higher than that from P. arhoresceus (680,000). Calcium 
alginate gel and fruit jellies were prepared from the seaweed alginate by internal 
setting and their gel strength were measured by a texture analyzer and the percentage 
of syneresis was evaluated. Results showed that alginate of S. patens and S. 
siliquastrum had higher gel strength and lower tendency to synerise when compared 
with commercial alginate. The results suggested that the Sargassum species, especially 
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CHAPTER ONE: INTRODUCTION 
1.1 Seaweed 
1.1.1 General Introduction 
This chapter will begin with a general introduction of the seaweed that are widely 
used because of their nutritional values and their phycocolloid contents. The 
classification and potential food uses of seaweed will be discussed followed by a brief 
introduction of the seaweed in Hong Kong. The characteristics of alginate will be 
reviewed followed by a literature review on the structure-function relationship of 
alginate. Finally, we will discuss the significance of the present study. 
1.1.2 Classification and Use of Seaweed 
“Seaweed” are marine macroscopic forms usually composed of a recognizable 
blade (leaf-like or not leaf-like), a stem-like stipe and root-like simple rhizoids and 
complex holdfasts (Hillson, 1977; Hodgkiss & Lee, 1983). They are generally 
classified into three main groups on the basis of their pigmentation; Phaeophyta (brown 
seaweed), Chlorophyta (green seaweed) and Rhodophyta (red seaweed) (Chapman & 
Chapman, 1980; Darcy-Vrillon, 1993). 
Utilization of algae has increased considerably over the past fifty years, with the 
subsequent increase in applied research in various related fields. The most important 
investigation was the one that dealed with phycocolloid production and algal 
cultivation, with the aim at producing raw material and foodstuffs (Clegg, 1995). New 
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technologies have been developed for seaweed harvesting, processing, and cultivation 
(Griffin, 1994; Tseng, 1981). Therefore, the utilization of seaweed for either direct 
human consumption or as ingredients for the food industry are becoming more 
widespread and is of greater economic value than ever before (Wang & Chiang, 1994). 
Seaweed are of nutritional interest as they are low calorie food, but rich in vitamins, 
minerals and dietary fibre (Ito & Hori, 1989). Other than the Asian countries where 
seaweed consumption are the largest, seaweed are increasingly consumed in Europe 
and especially in France where 11 macroalgae have been authorized for human 
consumption (Lahaye, 1991). 
The annual global aquaculture production of fresh seaweed is 6.5x10^ tonnes 
(Fleurence, 1999). This marine resource is mainly exploited for food additive and sea 
vegetable production. Western countries usually use seaweed extracts like agar, 
alginate and carrageenan (phycocolloids) as thickening and gelling agents while the 
Orientals usually use whole seaweed for food (Abbott, 1996; Mabeau & Fleurence, 
1993). 
1.1.3 Phycocolloids 
Agar, alginate and carrageenan are classified as phycocolloids (seaweed 
hydrocolloids). Brown seaweed have been used to extract alginate that should be 
distinguished from the other seaweed extracts such as agar and carrageenan that are 
obtained from red seaweed (Rhodophyta). Both the chemical compositions and 
properties of alginate differ significantly from those of agar and carrageenan (Sime, 
1990). Although the three seaweed extracts all possess the basic thickening and gelling 
properties, each of them has individual unique properties. The uniqueness of alginate 
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including cold-water stability, instantaneous calcium reactivity and non-melting 
chemical gel formation (Glicksman, 1987). Besides, carrageenan can give high-quality 
thermal gel and protein reactivity while agar can hold large amount of solids, form very 
strong brittle gel and resist to high temperatures. 
According to the FAO year book (1985), high production area for seaweed are 
mainly in the temperate zones. Moreover, the production yield of brown seaweed is the 
highest on a worldwide basis, followed by red seaweed. It was reported that brown 
seaweed like Macrocystis, Ascophyllum, Lcminaria and Ecklonia are the major sources 
of sodium alginate in the temperate waters, while Sargassum, Turhinaria and Padina 
are used for alginate production in the tropics (Ragaza & Hurtado, 1999). 
1.1.4 Hong Kong Seaweed 
The seaweed floras of Hong Kong are fairly rich with more than 200 confirmed 
species (Hodgkiss & Lee, 1983) and they are characterized by its seasonal nature due to 
strong climatic seasonality (Kaehler & Kennish, 1996). During summer when the low 
tides occur in the afternoon, the seaweed are exposed to the strong sunlight for a long 
time, causing over-drying and over-heating effects and the majority of seaweed become 
bleached and killed (Williams, 1993). During the cold winter season (November -
March), the mean monthly temperature drops and many rocky shores support a large 
diversity of seaweed (Kaehler & Kennish, 1996). 
1.1.4.1 Sargassum Species 
Brown seaweed are one of the most abundant seaweed groups with economic 
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importance (Carrillo et al., 1992). Within this group, nearly 400 species belong to the 
genus Sargassum (Tseng, 1981) and they are widely distributed in the inter-tidal and 
shallow sub-tidal rocky substrata of the tropical and subtropical coastal waters 
(Hurtado & Ragaza 1999). 
Some of the Sargassum species have been used as human food (Hurtado & Ragaza, 
1999; Wang & Chiang, 1994) and raw material for the alginate processing industry in 
Hong Kong nearby regions (Ho, 1988), Philippines (Sumera et al., 1993; Trono et al., 
1994), India (Thomas & Subbasamaiah, 1991). In Hong Kong, Sargassum species are 
only used as fertilizers by the coastal communities (Hodgkiss & Lee, 1983). 
Sargassum as a common and abundant brown seaweed (Ang, 1984; Hurtado & 
Ragaza 1999; Montes, 1993; Trono & Lluisma, 1990) in the lower inter and subtidal 
zones of the Philippines is a potential source of sodium alginate (Ang, 1984; Laserna et 
al., 1982; Sumera et al., 1993). 
The wide applications of Sargassum in the tropical and sub-tropical regions in 
terms of its alginate and nutrient contents had led to a number of studies on the 
nutritional value of Sargassum species had been conducted regarding the compositions 
of their protein and amino acids (Qaism, 1991), dietary fibers (Lahaye & Kaefeer， 
1997), minerals (Mabeau et al., 1992) and vitamins (De Roeck-Hotzhauer & Quere, 
1991). However, there was not much information about alginate from Sargassum. 
Besides, each species of Sargassum demonstrated an individual pattern of 
alginate characteristics that was significantly influenced by the collecting zone, fertility 
state, and collecting time (Ragaza & Hurtado, 1999). Hence studies on different species 
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of Sarga湖m are needed in order to assess their significance in the food industry and 
feasibility acceptance in the industrial market. 
Sargassum hemiphyllum (Figure 1.1), Sargassum siliquastrum (Figure 1.2) and 
Sargassumpatens (Figure 1.3) are brown seaweed that are abundant in Hong Kong and 
their physico-chemical and functional properties will be studied in order to explore 
their potential uses in industry. 
1.1.4.2 Padina Species 
Padina is another brown macroalgae commonly found in Hong Kong. The species 
of Padina and Sargassum are the best species (among the six species being studied: 
Ulva lactuca, Enteromorpha flexuosa, Padina gymnospora, Sargassum filipendula, 
Hpynea musciformis, and Spyridia filamentosa) for monitoring heavy metals in tropical 
coastal areas in the Zanzibar Channel, algae were collected from 30 different situations 
in areas on Tanzania and Zanzibar, Africa (Filho et al., 1997). Padina has also been a 
useful bio-indicator species for examining trends in heavy metal contamination 
(Engdahl et al., 1998). Padina symnospora was characterized by a high mineral content 
with calcium and magnesium levels that were particularly high (Robledo & Pelegrin, 
1997). However, there is little study about the use oiPadina as human foods as well as 
the fiinctional properties of its polysaccharides. 
Padina arhoresceus (Figure 1.4) collected from Hong Kong water will also be used 















































































1.2 Source and Production of Alginate 
1.2.1 Function of Alginate in Seaweed 
The term 'alginate' (or algin) refers to a group of naturally occurring 
polysaccharides that was first described by the British chemist E.C.C. Standford in 
1881 (Chapman, 1970) while searching useful products from Kelp. Alginate occurs as a 
structural component in marine brown algae (Phaeophyceae) and is not found in land 
plants (Sime, 1990). 
In addition, alginate are present as capsular polysaccharides in soil bacteria. The 
function of alginate in algae is thought to be primarily skeletal, with the gel located in 
the cell walls and intercellular matrix conferring the strength and flexibility necessary 
to withstand the force of the water in which seaweed grows (Johnson et al.’ 1997). 
Alginate exists in brown algae as the most abundant polysaccharide, comprising 
up to 40% of the dry matter. They are polysaccharides usually derived from brown 
algae, in which they occur as gels with sodium, calcium, strontium, magnesium and 
barium ions (Haug and Smidsrod, 1967). 
1.2.2 Chemical Structure of Alginate 
Alginate are salts of alginic acid. Alginic acid is a linear copolymer composed of 
two monomeric units, D-mannuronic acid and L-guluronic acid (Fischer & Dorfel, 
1955). They are organized in a blockwise fashion as polymannuronic acid (MM blocks), 
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polyguluronic acid (GG blocks) as well as hetero-polymeric sequences containing both 
mannuronic and guluronic acids (MG blocks) (Haug et al., 1974) (Figure 1.5a-e). 
The proportions of these three polymer segments (MM, GG, and MG blocks) in 
alginic acid extracted from different brown algae varied widely (Glicksman, 1987). The 
ratio of D-mannuronic acid and L-guluronic acid components and their sequence 
predetermine the properties observed for alginate extracted from different seaweed 
sources (Clare, 1993). 
1.2.3 Alginate Production 
The brown seaweed all contain algin in concentrations ranging from 18 to 40 % 
dry weight of the total plant expressed as alginic acid (Clare, 1993). The alginic acid 
contents of the various commercially used brown seaweed are given in Table 1.1. 
Although the total number of brown seaweed species was estimated to be 997 
(FAO, 1985), many of them are not used as commercial sources of algin owing to their 
thin stands, harvesting difficulties, or processing problems (McNeely & Pettitt, 1973). 
The commercial seaweed commonly processed are Laminaria hyperborea, Macrocystis 
pyrifera and Ascophylhm nodosum (Sime, 1990). 
9 
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Figure 1.5e Structure of blocks of P-(l->4)-linked D-mannuronic 
acid and a-(l->4)-linked L-guluronic acid units. 
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Table 1.1 Alginic add contents of brown seaweed. (Clare, 1993) 
Seaweed type % dry weight 
Macrocystis pyrifera 20-31 
Laminaria hyperborea 5 8 - 3 8 
Laminaria digitata 18-26 
Laminatia japonica 2 2 - 2 8 
Ascophyllum nodosum 19-30 
Ecklonia maxima 3 0 - 4 0 
Lessonia nigresens 28-41 
12 
1.2.4 Isolation of Alginate 
Since alginic acid exists in the seaweed as an insoluble mixed salt, it is 
necessary to solubilize it by conversion to its sodium salt (Clare, 1993). By using ion 
exchange reactions, the alginate was made alternately insoluble and soluble in solvent 
to enable it to be separated from the other constituents of the alga (Percival & 
McDowell, 1967). As large molecules have to difiuse out from the plant tissues, the 
seaweed is preferably reduced to small particles as a preliminary step. So the first step 
is to mill and wash the seaweed. Alginate isolation is essentially an ion-exchange 
process and alginate is brought into solution as sodium alginate by treatment with a 
strong alkali (Baranov et al., 1967; Green, 1936; Lukachyov & Pochkalov, 1965; 
McHugh, 1987; Sime, 1990;). There are several methods to separate the alginate from 
other soluble substances from the crude alginate extract solution. For example, 
addition of an alcohol (Haug & Smidsrod, 1965) would precipitate out sodium alginate. 
Adding a solution of calcium chloride with good stirring would precipitate out calcium 
alginate, while adding hydrochloric acid would precipitate out alginic acid (Percival & 
McDowell, 1967). 
1.2.5 Commercial Methods 
The detailed methods used for commercial extraction of alginate from seaweed 
are trade secrets (Clare, 1993). In England, no published details of the commercial 
processes used are available but in America there are two basic processes: Green's 
cold process and the Le Gloahec-Herter process (Chapman, 1970; Green, 1936; 
LeGloahec & Herter, 1938). 
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Commercially available, water-soluble alginate includes the sodium, potassium, 
ammonium, calcium and mixed ammonium-calcium salts of alginic acid, propylene 
glycol alginate and alginic acid (Cottrell & Kovacs, 1980). The physical properties of 
several of these alginate are given in Table 1.2. 
1,3 Application of Alginate 
Alginate is one of the gums extracted from seaweed. Gums, either in the form of 
natural, biosynthetic, or modified polysaccharides, are consumed in tremendous 
quantities by industry (Whistler, 1993). Gums seldom constitute an entire finished 
product but are mainly uses as additives to improve or control the properties of a 
commodity. Their popularity is due to the low cost of many of these gums and the 
fixnctional important properties that they contribute to products, even when they are 
present in low concentrations. 
Alginate are used in a wide range of applications, particularly in the food, 
industrial and pharmaceutical fields (Glicksman, 1987). The ability of alginate to bind 
water, to form gels and to form and stabilize emulsion has led to many applications. 
1.3.1 Industrial Application 
Algin products are widely used in industry for emulsifying, thickening, 
suspending, stabilizing, gelling, plasticizing, flocculation, binding, and film forming 
(Durrant & Sanford, 1970). About 1.5 million tonnes per year of fresh seaweed are 
used for the industrial production of algin (Jimenez-Escrig & Sanchez-Muniz, 2000). 
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Table 1.2 Typical physical properties of some commercial alginate. 
(Cottrell, 1980) 
Alginic acid Refined Specially Ammonium Propylene 
sodium clarified alginate glycol 
alginate sodium alginate 
alginate 
Moisture content % 7 13 9 13 13 
Ash % 2 23 23 2 10 
Color White Ivory Cream Tan Cream 
Specific gravity - 1.59 1.64 1.73 1.46 
Bulk density, - 54.62 43.38 56.62 33.71 
kgW 
Browning 160 150 130 140 155 
temperature, °C 
Charring 250 340,460 410 200 220 
temperature,�C 
Ashing 450 480 570 320,470 400 
temperature, °C 
Ignition * * * * * 
temperature, °C 
Heat of 2.80 2.50 2.44 3.04 4.44 
combustion, Cal/g 
* Spontaneous combustion did not occur in an air environment. 
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The unique filming and penetration controlling properties of alginate, when used 
as a surface size, make it possible to produce paper and paperboard with improved 
surface smoothness and uniformity as well as controlled surface density (Whilstler, 
1993). 
In textile products, print pastes thickened with alginate are used for machine and 
silk-screening printing (McNeely & Pettitt, 1973). The use of alginate for printing 
reactive dyes represents the single largest application for these polymers (Clare, 1993). 
The other technical uses of alginate include latex creaming and latex thickening 
in rubber products; wall joint cements and patching pasters in the group of building 
materials. The soluble salts, especially the sodium salt of alginic acid are used in the 
textile industry because they form an excellent dressing and polishing material 
(Chapman, 1970). 
1.3.2 Pharmaceutical Application 
Alginate is used as a suspending agent and as a protective colloid in many 
pharmaceuticals. In some systems, such as those containing penicillin, sulfa drugs, and 
colloidal sulfur, it provides exceptional stability because of its action as a protective 
colloid. The bioavailability of certain pharmaceuticals apparently is enhanced by 
sodium alginate (Clare, 1993). 
Researchers from Kelco have developed an ultra-pure form of alginate for use in 
pharmaceuticals. Alginate has found numerous applications in the pharmaceutical 
sciences, including raft-forming systems, controlled-release system, bioadhesive 
16 
systems, tablet disintegrants, suspending agents, wound dressings and implants 
(Bouhadir et al., 1999; Johnson et al., 1997). 
The wide pharmaceutical applicability of alginate is to a large extent associated 
with its gel-forming capacity. It is well known that the ionic cross-linking of alginate is 
achieved through the poly-(guluronate) portion of the polymer (Sutherland, 1991). 
Alginate is particularly well suited for the cell transplantation matrices (Atala et al., 
1994; Paige et al., 1996) due to its gentle gelling behaviour in the presence of divalent 
cations such as calcium to form hydrogels (Bouhadir et al., 1999). Alginate gels are 
composed of a three-dimensional network of long-chain molecules (Ross-Murphy, 
1991) and it was considered that calcium alginate gels were formed by simple ionic 
bridging of two carboxyl groups on adjacent polymer chains with calcium ions (Sime, 
1990) (Figures 1.6a-c). 
1.3.3 Food Application 
1.3.3.1 Uses of Alginate in Food 
The total volume of seaweed used in foods is considerably greater than that used 
in industrial applications, in terms of weight and especially monetary value. More than 
2 million tonnes per year of fresh seaweed are processed to obtain food products 
(Jimenez-Escring & Sarchez-Muniz, 2000). It is possible to list over 300 known 
commercial applications of alginate. Alginate have no nutritional value but possess 
important functional properties such as its ability to bind water, form gel, form and 
stabilize emulsion that lead to many food applications. Alginate is a type of thickener 
used in the food industry to impart certain textural characteristics to food products 
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Figure 1.6a Calcium-binding site in G-blocks. 
_ 
Figure 1.6b The "egg-box" model for alginate gel formation. 
(Grant et al., 1973) 
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Figure 1.6c Schematic diagram of "egg-box" junctions zones of a gel network. (Morris, 
1990) 
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(Ahmad et al., 1994). The primary food products in which alginate is used include 
frozen desserts, dairy products, bakery products, salad dressing and sauces, fabricated 
foods, beverages, and dessert gels (Glicksman, 1987) (Table 1.3). 
Alginate is widely used as gelling agents that gives instant reaction, prevents 
syneresis and provides good mouthfeel (Chapman, 1970). In ice cream, alginate helps 
to provide a smooth texture by regulating the formation of ice -crystals. It also helps 
to control viscosity, prevents crystal formation and shrinkage, and helps in even and 
slow meltdown. In yogurt mix, it functions both as gelling and stabilizer. It prevents 
syneresis and fruit separation at all sugar levels. 
1.3.3.2 Safety 
Alginate, and algal polysaccharides in general, are accepted for use as food 
additives under the GRAS (Generally Recognized As Safe) category by the U.S. Food 
and Drug Administration and by the European Community. Under the standard 
identification tests of sodium alginate include solubility; precipitate formation with 
calcium chloride solution and color reaction. The purity tests include loss on drying; 
total ash; heavy metals; phosphate and water insolubles (FAO/WHO, 1992). 
L4 Structure and Function Relationship of Alginate 
The differences in structure accounted for the difference in properties and 
functionality of alginate isolated from different brown seaweed (Haug & Larsen, 
1962; Penman & Sanderson, 1972). The chemical composition of seaweed varies with 
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Table 1.3 Functional applications of alginate*. 
Property Product Performance 
Water-holding Frozen foods Maintains texture during freeze-thaw cycle 
Pastry fillings Produces smooth, soft texture 
Syrups Suspends solids, controls pouring 
consistency 
Gelling Instant puddings Produces firm pudding with excellent body 
and texture and better flavor release 
Pie and pastry fillings Acts as cold-water gel base for instant bakery 
jellies; develops soft gel body; gives 
improved flavor release 
Dessert gels Produces clear, firm, quick-setting gels with 
hot or cold water 
Emulsifying Salad dressing Emulsifies and stabilizes dressing 
Stabilizing Beer Maintains beer foam under adverse 
conditions 
Fruit juice Stabilizes pulp in concentrates and finished 
drinks 
Milk shakes Controls overrun and provides smooth, 
creamy body 
*adapted from Kelco, Division of Merck & Co. Inc., 1998 
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species, habitats, maturity, and environmental conditions (Darcy-Vrillion, 1993; Ito & 
Hori, 1989). The physical properties of alginate depend not only upon the uronate 
composition, i.e., the M/G ratio, but also upon the monomer sequence distribution in 
the copolymer (Grasdalen et al., 1979). 
1.4.1 Physico-chemical Properties 
1.4.1.1 M/G ratio 
The ratio of poly P-D-mannuronate to poly a-L-guluronate is referred to as M/G 
ratio. The properties of a particular alginate depend on the relative proportions of the 
two monomers in the molecule and, more specifically, the size and distribution of the 
block regions (Sanderson & Ortega, 1994). Percentages of these different block types 
determine the gelling properties of different types of sodium alginate, leading to gels 
having a whole spectrum of properties that can be skillfully manipulated in food 
systems. The MM block, GG block and MG block contents of alginate from various 
seaweed types is, therefore, of commercial importance since it will determine in which 
products these alginate can be used. The M/G ratio of alginate varied among different 
brown seaweed (Glicksman, 1987) (Table 1.4). Alginate with a high G-block (low 
M/G ratio) content gives high gel strength, whereas high-M block (high M/G ratio) 
alginate gives medium gel strength and greater resistance to syneresis (Clare, 1993). 
1.4.1.2 Solution Properties 
From the technical point of view the importance of alginic acid lies in the 
properties of its salts, although the alginic acid itself is of interest because of its 
capacity to absorb 200-300 times its weight of water. The solution of alginate can be 
21 
Table 1.4 Composition of alginate from some species of brown 
seaweed*. (Glicksman, 1987) 
Species M, wt % G, wt % M:G ratio 
Ascophyllum nodosum 65 35 1.85 
Laminaria digitata 59 41 1.60 
Laminaria hyperborean ，， ，。 ^ 
斤 、 3 1 6 9 0 . 4 5 (stipes) 
Macrocystis pyrifera 61 39 1.56 
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Table 1.4 Composition of alginate from some species of brown 
seaweed*. (Glicksman, 1987) 
Species M, wt % G, wt % M:G ratio 
Ascophyllum nodosum 65 35 1.85 
Laminaria digitata 59 41 1.60 
Laminaria hyperborean ,, …， 
(stipes) 31 69 0.45 
Macrocystis pyrifera 61 39 1.56 
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studied using monovalent ion forms (Morris, 1998). Sodium and potassium salts of 
alginate all dissolve readily in water to give a solution that is extremely thick or 
viscous (Chapmanl970). 
Pure alginate dissolves in distilled water to form smooth solutions (Cottrell & 
Kovacs, 1980; Sime, 1990) while alginic acid and calcium alginate are insoluble in 
water and will not form smooth solutions but absorb large amounts of water and 
swelling to form paste-like globules (Sime, 1990). The solution properties are 
dependent on both physical and chemical variables. The physical variables that affect 
the flow characteristics of alginate solutions are temperature, shear rate, polymer size, 
concentration, and the presence of solvents miscible with the distilled water. The 
chemical variables that affect algin solutions are pH and the presence of sequestrants, 
monovalents salts, polyvalent cations and quaternary ammonium compounds (Sime, 
1990). 
1.4.1.3 Viscosity 
Since the use of hydrocolloids in the food industry depends almost entirely on 
their ability to impart or modify texture, characterization of the textural attributes is 
important to both the producer and user of industrial gums. 
Solution viscosity ideally should be related to molecular weight but this can be 
influenced significantly by the levels of residual calcium ions come from the 
hydro-colloid manufacturing process. Most commercial high-viscosity alginate have a 
molecular weight of over 150,000. Figure 1.7 illustrated that the viscosity of the an 
aqueous solution of sodium alginate is subjected to the molecular weight i.e. the level 
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Figure 1.7 Effect of molecular weight on the viscosity of sodium 
alginate solution. (Kimitsu Chemical Industries, 1998) 
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of polymerization of sodium alginate (Kimitsu Chemical Industries, 1998). 
In general, the viscosity of a polymeric solution depends on four major factors: 
(1) increasing the polymerization grade increases the viscosity; (2) increasing the 
concentration increases the viscosity; (3) increasing the temperature decreases the • 
viscosity; (4) solution in hard water or the addition of electrolytes (Chapman, 1970), 
when the effect is related not only to the calcium ions and electrolytes but also the 
relative proportions of the two uronic acids. Figure 1.7 shows the 
viscosity-concentration relationship of alginate at three different viscosity ranges. A 
high-viscosity alginate had a viscosity of at least 2000 cps at a 1% concentration in 
water, while a very low-viscosity alginate had a viscosity of less than 30 cps at the 
same concentration (McNeely & Pettitt, 1973). 
The intrinsic viscosities of alginate preparation depend on the source, species of 
seaweed (Omar et al., 1988) and the methods of extraction (Wedlock & Fasihuddin, 
1990). If an alginate is extracted from a seaweed by methods which avoid degradation, 
a 1% alginate solution can be expected to have a viscosity of between 500 and 3000 
cps (Percival & McDowell, 1967). 
The relation between viscosity and concentration has been widely studied, but 
is complicated by the strong dependence of viscosity on the shear rate found in the 
more viscous solutions (McDowell, 1986). Increasing proportions of divalent metal 
ions gave higher viscosities, but the relative increase for a given proportion was much 
greater at high concentrations than at low concentrations of alginate in water, viscosity 
also increases with the molecular weight of the alginate (Percival & McDowell, 1967). 
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Figure 1 8 Effect of concentration on the viscosity of dispersion of representative high-, 
medium- and low-viscosity sodium alginate at 20°C (McNeely & Pettitt, 1973) 
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1.4.1.4 Molecular Weight 
The molecular weight of alginic acid varies with its mode of preparation and also 
the source. In the case of sodium alginate it varies from 35,000 to 1,500,000 (Smidsrod 
& Haug, 1968). The molecular weight distributions will be influenced by the method 
of extraction and the algal source (Morris, 1998). The molecular weight distribution 
can have implications for the uses of alginate, as low molecular weight alginate with 
fragments containing only short G-blocks may not take part in gel-network formation 
and consequently do not contribute to the gel strength (Moe et al., 1995). 
1.4.2 Functional Properties 
1.4.2.1 Emulsion 
Hydrocolloids are added to emulsions in order to increase the viscosity of the 
continuous phase, thus decreasing bubble and droplet movement, slowing down 
drainage and creaming which result in more stable emulsions (Burkus & Temelli, 
2000). Alginate as one of the hydrocolloids also possess this property and can be used 
as a emulsifier in food applications. 
1.4.2.2 Gel Properties 
As mentioned earlier, gel properties of alginate depend on the block structures 
and the M/G ratio. Alginate salts of divalent and polyvalent metal ions are insoluble, 
with the exception of the magnesium salt. Addition of divalent cations to an alginate 
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solution leads to the precipitation or gelation that is favored by low polymer 
concentrations and/or locally high concentrations of divalent cations (McDowell, 
1956). Gel may be produced at very low concentrations of alginate (>0.1% w/w) but it 
is typically prepared at 1% w/w (McDowell, 1956). 
The ability of alginate to form gels in the presence of calcium ions is one of 
their main bio-functional properties, which is also of great industrial and 
pharmaceutical interests. The ion-exchange properties of alginates are exploited in 
applications such as heavy metal scavenger (Kohn, 1975) and wound dressing ((Doyle 
et al., 1996; Lyall and Sinclair, 2000). The alginate-based absorption materials such as 
calcium alginate dressings for wound treatment are meeting with increasing clinical 
acceptance (Agren, 1996). The calcium-induced gelation of alginate is irreversible 
unless treated with strong chelating agents at an alkaline pH (Klock et al., 1994). The 
formation of gels depends mainly upon auto-cooperatively formed junctions between 
chain regions enriched in GG-sequences (Grasdalen et al., 1979). Gel strength 
increased with increasing content of polyguluronate, and calcium ion activity in 
solutions of guluronate oligomers showed a sharp decrease above a critical length of 
about twenty alginic acid residues (Kohn, 1975), indicating the onset of cooperative 
binding behaviour, where the binding of each ion facilitated the binding of the next. 
Such effects were not seen for the corresponding mannuronate residues (Papageorgiou 
et al., 1994). 
The uniqueness of alginate as gel formers rest in their ability to form heat-stable 
gels which can develop at room temperature. This is of particular interest when 
alginate are used as gelling agents in restructured products like bakery filling creams 
or fabricated foods (Cottrell, 1980). 
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1.4.2.3 Mechanism of Gelation 
Alginate gels are composed of a three-dimensional network of long-chain 
molecules (Ross-Murphy, 1991) held together at junction zones, typically considered 
to be guluronic acid blocks. The formation of junction zones in an alginate solution 
might be promoted in one of two ways: either by the presence of certain divalent 
cations such-as calcium (calcium gel), or by the acidification of the solution (acid gel). 
Addition of calcium ions to an alginate polymer under controlled conditions leads 
to a highly specific auto-cooperative reaction between the calcium ions and the 
G-block regions of the polymer. The buckled shape of the G-block regions (Figure 
1.5b and 1.5d) allows the cooperative binding of the two G-block chains. The highly 
specific alignment forms a diamond-shaped hole consisting of a hydrophilic cavity 
that binds the calcium ions by multi-coordination using the various oxygen atoms 
(Figure 1.6a). The calcium ions bind the chains tightly to each other and setting like 
eggs in an egg carton (Figure 1.6b) (Grant et al., 1973). The cooperative effect 
between G-blocks induced by calcium proceeds until a three-dimensional network of 
these interconnected regions is formed (Figure 1.6c) (Morris, 1990). 
Numerous workers had demonstrated that both the ratio and block structure of 
the two M and G residues within the alginate had a profound effect on its physical 
properties of the alginate, particularly in terms of the tendency to bind with divalent 
cations (calcium being the most widely studied example) and the rheological 
properties of the corresponding gels (Grant et al., 1973; Haug & Smidsrod, 1965; 
McDowell, 1986). 
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1.4.2.4 Gel Strength and Syneresis 
The major controlling functions involved in determining gel strength are the 
G-block content of the alginate and the amount of calcium ions added (Clare, 1993). 
Alginate with low G-block contents has high gel strength at lower calcium levels. The 
cooperative calcium effect is more pronounced at lower G-block contents, leading to 
higher gel strength. Further addition of calcium ions increased the gel strength for 
high-G alginate but has little effect on low-G alginate where the G-blocks are already 
fully combined (Figure 1.9). The term calcium conversion refers to the ratios of 
calcium ions to sodium alginate. A molar ratio of 0.5 (where theoretically there is 
sufficient calcium to totally replace the sodium) is expressed as a calcium conversion 
of 100%(Sime, 1990). 
A gel may undergo lengthening of its junction zones by the molecules sliding over 
each other or by simply moving together at the junction zone ends so as to increase the 
length of the zone. This will cause a tightening of the overall network structure and a 
decrease in the water-filled spaces between the molecules. Hence, water is extruded 
from the gel to produce syneresis (Whistler, 1993). M-rich alginate forms weaker and 
more elastic gels that undergo syneresis to a less extent whereas G-rich alginate forms 
strong and brittle gel with a greater tendency to synerise (Sime, 1990). 
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Figure 1.9 Relative gel strength ofhigh-G and high-M alginate at different calcium 
conversions. (Sime, 1990) 
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1.5 Physiological Effects 
1.5.1 Dietary Fibre 
Marine algae are rich in cellwall and reserve polysaccharides. Except for starch or 
starch derivatives from red and green algae, algal polysaccharides (p-linked polymers) 
can be considered as 'dietary fibre' (Darcy-Vrillon, 1993). On the dry weight basis, the 
total dietary fibre content is generally higher in algae than in land plants (Lahaye, 
1991). Dietary fiber are widely used to prevent hyperlipemia and obesity (Kimura et 
al., 1996). 
Brown seaweed contain large quantities of alginic acid. When natural sodium 
alginate is orally administered, it is converted to free alginic acid in the stomach. 
However, free alginic acid is not absorbed from the human small intestine because 
mammals have no enzyme capable of digesting it. Sodium alginate is reported to be 
effective in enhancing the excretion of cholesterol (Keys et al., 1961; Tsuji et al., 1977) 
and in suppressing the biological absorption of harmful metals such as strontium and 
cadmium (Hesp & Ramsbottom, 1965; Kojima et al., 1980). 
1.5.2 Minerals 
Alginate is mostly eliminated in the faeces and it would be partly degraded by the 
bacterial flora found in rats and mice. In humans, there is only one bacterial species 
capable of degrading alginate. The availability of minerals is linked to their solubility 
in the digestive tract. Iodine in edible algae would be essentially bioavailable, besides, 
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supply of calcium by algae is high and calcium alginate would be a source of 
bioavailable calcium (Darcy-Vrillon, 1993). 
L 6 Significance of the Present Study 
Traditionally, only a few species of brown seaweed are used for commercial 
production of algin. The principal source of the world's supply of algin is the giant 
kelp, Macrocystis pyridera, found along the coasts of North and South America, New 
Zealand, Australia, and Africa. Other seaweed used for algin manufacture are 
Ascophyllum nodosum and species of Laminaria and Ecklonia (Cottrell, 1980). 
However, there are still some brown seaweed remained unexplored as potential new 
sources of the phycocolloids. 
In general, alginate with high M/G ratio are available in large quantities globally. 
Table 1.5 lists the ratio of D-mannuronic acid to L-guluronic acid in some important 
commercial algae. Nearly all commercial algins are similar in composition and are 
rich in D-mannuronic acid. The only exception is algin obtained from Laminaria 
hyperhorea stipes. Generally, in global scale, only a few species of brown seaweed are 
available in sufficient quantities for the extraction of alginate with high gel strength 
that are dominated by guluronic acid blocks (low M/G ratio) (Jensen, 1993). 
As a matter of fact, different species of brown seaweed and different isolation 
method can produce alginate with different composition, structure and function. Thus, 
it is important to characterize alginate for evaluating its commercial potential as 
stabilizers and gelling agents. Table 1.5 shows the M/G ratio, intrinsic viscosity and 
molecular weight for some alginate samples (Ahmad et al., 1994). 
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Table 1.5 M/G ratio, intrinsic viscosity and molecular weight for 
alginate samples extracted in O.IM sodium carbonate solution. 
(Ahmad et al., 1994) 
Sources of alginate M/G ratio Intrinsic Molecular weight 
viscosity, dl/g xlO'^dalton 
Colpomenia sinuosa 0.70 3.05 1.67 
Dictyota dentata 1.28 2.52 1.31 
Hydroclathrus clathratus 0.72 2.99 1.60 
Horrmophysa triquetra 0.80 2.75 1.52 
Padina minor 0.65 2.15 1.05 
Sargassum kuetzingii 0.42 11.05 6.24 
Sargassum duplicatum 0.88 9.55 6.17 
Sargassum bicome 0.66 9.00 5.76 
Turhinaria conoides 2.10 4.38 2.49 
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Although the Sargassum species and Padina species are two of the most 
abundant brown seaweed species commonly found in Hong Kong, the 
physico-chemical and functional properties of these local seaweed species have not 
been reported. Asian countries located in the tropical and temperate belts produce 
almost 90% of the world total seaweed production (INFOFISH survey report, 1996). 
Since they occur in sufficient quantity among the regions to possess an economic 
value they are selected for study in this research project in order to assess their 




CHAPTER TWO: MATERIALS AND METHODS 
2.1 Seaweed Collection 
Five brown seaweed samples identified to be Sargassum hemiphyllum, 
Sargassum siliquastrum, Sargassum patens and Padina arboresceus by Prof. P.O. Ang. 
Jr. were collected from Lung Lok Shui at Tong Ping Chau (Figure 2.1) that is located in 
the northeast of Hong Kong (22°33'N, 114�26，E). The Sargassum species were 
collected from December of 1998 to February of 1999 and the Padina species were 
collected from January to March of 1999. 
2.2 Sample Preparation 
Freshly collected Sargassum species and Padina species were washed thoroughly 
with tap water to remove silt, sand and epiphytes. All seaweed samples were cleaned, 
dried in an oven at 60°C for 24 hr to a constant weight. The dried samples were ground 
in a Cyclotech mill (Tecator, Hoganas, Sweden) to pass through a 0.5 mm sieve and 
then stored in air-tight plastic bags in dessicators at room temperature for fiirther 
analysis. 
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Figure 2.1 Map of Tung Ping Chau, Hong Kong showing the sites 
of seaweed collection. 
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2.3 Alginate Extraction 
2.3.1 Method A 
This process was modified from the methods described by Durrant and Sanford 
(1970) and Percival and McDowell (1967). As shown in Figure 2.2 the dried seaweed 
powder (about 200 g) was treated with 10% formaldehyde solution overnight at room 
temperature. The amount of formaldehyde used was just sufficient to wet the sample. 
The mixture was centrifUged and the pellet was collected and washed with distilled 
water (500 mL x 2). The residue was soaked in 85% ethanol (4hr x 3) and the 
supernatant was removed by centrifiigation (17,700 g, 15 min). The pellet was 
extracted with IL 1% sodium carbonate overnight at room temperature with stirring 
and the mixture was centrifuged (17,700 g, 15 min). The extraction was repeated 3 
times to extract the crude sodium alginate into the supernatant. Calcium chloride (0.1 
M，400 mL) was added to the combined supernatants to precipitate the alginate. The 
alginate recovered from precipitation was re-dissolved in 1% sodium carbonate and 
the semi-purified alginate was re-precipitated with four volumes of absolute ethanol 
and freeze dried. 
2.3.2 Method B 
Alginate was extracted from the dried seaweed samples by the modified method 
of Haug et al. (1974). About 100 g of seaweed sample was treated overnight with 500 
mL 2 % formaldehyde and the mixtures were then centrifuged (17,700 g, 15 min) 
(Figure 2.2). The pellet collected was stirred in IL 0.5 % sulphuric acid overnight. 
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The acid extract was discarded and the remaining residue was extracted with 3 % 
sodium carbonate with stirring for 24 hours. The viscous brownish extract was 
recovered by centrifiigation (17,700 g, 15 min) and the residue was washed with 3 % 
aqueous sodium carbonate (1 L x 3) and centrifuged (17,700 g, 15 min) again. The 
combined supernatants were precipitated with three volumes of absolute ethanol and 
the crude alginate precipitated was recovered by centrifugation (17，700 g, 15 min). 
The crude alginate was redissolved in one liter of distilled water into which a few 
drops of 0.2 M potassium chloride was added. The pH of the mixture was adjusted to 
2.0-2.2 by 3M hydrochloric acid to incipient precipitation. The precipitate was 
recovered by centrifiigation (17,700 g, 15 min), suspended in one liter of distilled 
water, and dissolved by the addition of 2M sodium hydroxide. Purified alginate was 
isolated by re-precipitation of the above alkali-soluble alginate solution with 3 
volumes of absolute ethanol. The final purified alginate solid was washed with 
absolute ethanol (1 L x 2) and freeze-dried. 
2.3.3 Commercial Alginate 
Commercial alginic acid samples used for comparison were isolated from 
Macrocystis pyrifera (Sigma Chemical Company, St. Louis, USA). The three samples 
used are alginic acid sodium salt with high, medium and low viscosity of 14,000，3,500 
and 250 cps respectively in a 2% solution at 25�C. 
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Figure 2.2 Procedures and reagents used in the alginate extraction 
and purification. 
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2.4 Chemical Composition of Alginate 
2.4.1 Alginate Content 
The alginate content extracted from the seaweed sample was measured by the 
phenol-sulphuric acid method (Dubois et al., 1956). A 0.5 mL sample solution was 
vortex-mixed with 0.5 mL of 5% phenol in water. After addition of 2.5 mL 
concentrated sulphuric acid rapidly from a glass dispenser, the mixture was 
vortex-mixed, and allowed to stand for 30 min at room temperature. The amount of 
sugar was measured by reading absorbance at 490 nm. A calibration curve was made 
by using commercial alginate (M pyrifera) with different viscosities at different 
concentrations. 
2.4.2 Moisture Content 
The moisture content of all seaweed samples was determined by a LP 16 infrared 
moisture analyzer (Mettler, Switzerland) that heated the samples with infrared 
radiation at wavelength between 2 to 3.5 [im. 
2.4.3 Crude Protein Content 
Two to three milligrams of seaweed sample was weighed accurately into an 
aluminium capsule which was then compressed into a dice by forceps. The 
compressed aluminium dice was transferred into an auto-sampler of a CHNS/0 
Elemental Analyzer (Perkin Elmer 2400, Connecticut, USA) to determine the nitrogen 
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content of the sample at 970 °C by combustion. The crude protein content was 
calculated by multiplying the nitrogen content with a factor of 6.25. 
2.4.4 Ash Content 
Alginate sample was weighed into a pre-weighed porcelain crucible and placed in 
a temperature-controlled fiirnace pre-heated to 525°C. This temperature was 
maintained for 24 hr and the crucible was cooled in a desiccator. The amount of ash in 
the sample was determined gravimetrically (AOAC, 1996). 
2.4.5 Monosaccharide Composition 
2.4.5.1 Acid Depolymerisation 
Samples including whole seaweed and its alginate extracts were subjected to acid 
hydrolysis for sugar composition determination. About 15 mg of sample was 
hydrolyzed with 0.7 mL 12 M sulphuric acid at 3 5 � C for 1 hr with stirring. The 
hydrolysate was diluted to 2 M with 3.5 mL of distilled water and heated in a boiling 
water bath with shaking for 1 hr. The hydrolysate was cooled to room temperature. 
2.4.5.2 Neutral and Amino Sugar Derivatization 
Three milli-litres of hydrolysate was used to prepare alditol acetates of the neutral 
and amino sugars according to the method described by Blakeney et al. (1983) with the 
rest of the hydrolysate reserved for uronic acid determination. Beta-D-allose (1 
mg/mL) was added as an internal standard into the sugar hydrolysate. Concentrated 
ammonia (12 M) was then added to neutralize the hydrolysate followed by 5 jj.L 
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octan-l-ol to prevent foaming. Freshly prepared sodium borontetrahydride (200 
mg/mL; 0.2mL) was added to the neutralized hydrolysate and the mixture was kept 
at 4 0 � C for 30 min. The reduction by borontetrahydride was stopped by adding 0.1 
mL glacial acetic acid. Acetic acid anhydride (2.0 mL) was then added together 
with a catalyst, 1-methylimidazole (0.3 mL) and the acetylation was proceeded at 
room temperature for 10 min. Distilled water (5.0 mL) was added to decompose 
the excess acetic acid anhydride. Dichloromethane (1.0 mL) was added and the 
mixture was vortex-mixed and allowed to stand for 10 min for phase separation. 
While the top aqueous layer was removed, the bottom organic layer was washed with 
distilled water (2 mL x 2) and dried with anhydrous sodium sulphate and stored in a 
vial at -20 before GC analysis. 
2.4.5.3 Determination of Neutral Sugars by Gas Chromatography (GC) 
Alditol acetates of the neutral sugars were quantified by an HP6890 gas 
chromatography using an Alltech DB-225 capillary column (15 m x 0.25 mm i.d., 
0.25 |im film thickness) with the following oven temperature program: initial 
temperature, 180 °C with 4�C/min rise to 220 °C and held at 2 2 0 � C for 30 min. The 
injector and detector temperatures were at 270°C and the injection sample volume 
was 2 i^ L, the carrier gas was helium, and detection was by flame ionization. 
Individual sugars were corrected for losses during hydrolysis and derivatization and 
for the response of the GC detector. The values for monosaccharides were 
expressed as polysaccharide residues (anhydro-sugars) by multiplying the amounts of 
pentoses and deoxypentoses by a factor of 0.88 and of hexoses by a factor of 0.90. 
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2.4.5.4 Uronic Acid Content 
The uronic acid was determined colorimetrically according to the Official 
Methods of Analysis (45.4.11) (AOAC，1996). An aliquot of hydrolysate (0.3 mL, 
from 2.4.5.1) was added to a sodium chloride/boric acid solution (0.3 mL, dissolving 2 
g sodium chloride and 3 g boric acid in 100 mL water) and the mixture was 
vortex-mixed. Concentrated sulfiaric acid (5 mL) was added to the mixture with 
vortex-mixing and the mixture was kept at 70 °C for 40 min. After cooling the mixture 
to room temperature, dimethyphenol (0.2 mL, dissolving 0.1 g 3,5-dimethyphenol in 
100 mL glacial acetic acid) was added. The mixture was vortex-mixed and stood at 
room temperature for 10 min. A blank (2 M sulfuric acid) and galacturonic acid 
standards (10, 50, 100, 200 and 500 \xg/m\) were treated similarly. The absorbances of 
the sample solutions at 400 nm and 450 nm against the blank were measured. The 
reading at 400 nm was substracted from 450 nm to cprrect for the interference from 
hexoses. 
2.4.6 Uronic Acid Block Composition 
2.4.6.1 MG, MM and GG Block Determination 
The different uronic acid blocks of alginate were determined according to the 
method of Haug et al (1974) with modifications. Partial hydrolysis was carried out by 
suspending 0.1 g of purified alginate in 10 mL of 0.3 M hydrochloric acid at 100 °C for 
2 hr. The suspension was cooled to room temperature and centrifuged (2665 g, 15 
min). The supernatant consisted mainly of blocks with an alternating sequence of 
mannuronic and guluronic acid residues (MG blocks). The amount of MG blocks was 
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determined by phenol-sulphuric acid method (Dubois et al., 1956) (2.4.6.3). The 
residue was suspended in 0.1 M sodium chloride and dissolved by neutralization with 
0.2 M sodium hydroxide. The solution was then adjusted to pH 2.8-3.0 with 0.1 M 
hydrochloric acid for precipitation and the mixture was diluted to 10 ml with 0.1 M 
sodium chloride. The precipitate recovered by centrifugation (2665 g, 15 min) was 
redissolved in 0.1 M sodium hydroxide and diluted to 10 ml with 0.1 M sodium 
chloride. The precipitate and supernatant consisted of homopolymeric blocks of 
guluronic acid residues (GG blocks) and mannuronic acid (MM blocks), respectively. 
The amounts of MM and GG blocks, were determined by the phenol-sulphuric acid 
method (Dubois et al., 1956) similar to the MG blocks, using the alginate standard MG, 
MM and GG blocks extracted from Laminaria hyperhorea (Pronova Biopolymer Asia 
Limited). 
2.4.6.2 M/G Ratio Determination 
On the basis of the values of MG，MM and GG blocks composition obtained from 
2.4.6.1, the M/G ratio was calculated from the MM and GG blocks, assuming the 
alternating MG blocks has an M/G ratio 1.0 (Haug et al., 1974). The M/G ratio was 
calculated as follows: 
(MMx2+MG)/(GGx2+MG) 
where MM, GG and MG were % of MM, GG and MG blocks obtained, respectively. 
2.4.6.3 Phenol-Sulfuric Acid Method 
As described in 2.4.1, the amount of sugar was measured by reading absorbance 
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at 490 nm using standard MG, MM and GG blocks extracted from Laminaria 
hyperborea (Dubois et al., 1956). 
2.5 Physico-chemical Properties of Alginate 
2.5.1 Viscosity 
2.5.1.1 Ostwald Viscometer 
The viscosity of dilute alginate solution was measured using an Ostwald capillary 
viscometer (#200, capacity 50 mL) fitted in a 2 5 � C water bath. Alginate sample of 
1.5% was dissolved in 0.1 M sodium chloride with mechanical stirring and the 
solution was filtered (Whatman 40 ashless filter paper). A volume of 15 mL of 
alginate stock solution was used for viscosity measurement. Viscosity data at different 
alginate concentrations were obtained by dilution of the above stock solution with 
sodium chloride to give 1.0% and 0.5% solution. The concentration of the alginate 
stock solution was determined by the phenol-sulphuric acid method (see 2.4.6.3), 
using commercial alginate (from Macrocystis pyrifera) (Sigma) as standard. 
The intrinsic viscosity [r|] is defined as the specific viscosity (r|sp) at zero 
concentration, and the specific viscosity (rjsp) was obtained by comparing the flow rate 
(in seconds) of test solutions with that of the ultra-pure water, carried out using the 
same viscometer and under similar experimental conditions. 
rjsp = (flow rate of sample solution /flow rate of ultra-pure water) - 1 
The relationship of r|sp and [r\] is described in the Huggins ‘ equation: 
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r |sp/c = [t i] + k[r|]^c 
where k is the Huggins ‘ coefficient and c is the concentration of the solution. The 
Huggins ‘ equation showed that r^ sp/c is positively correlated with c. By plotting rjsp/c 
versus c, which is known as Huggins ‘ plot, the intrinsic viscosity [r|] was obtained 
from extrapolation of the above plot to zero concentration. 
2.5.1.2 Brookfield Viscometer 
Alginate solutions of different concentration (2%, 1.5%, 1.0% and 0.5%) were 
prepared by dissolving the alginate powder (0.5, 1.0, 1.5, 2.0g respectively) in 100 mL 
distilled water. The alginate solution was adjusted to pH 7 with dilute sodium 
hydroxide and hydrochloric acid. The viscosity of 100 ml of these solutions in a 150 
ml beaker were determined at different temperature (20°C, 40°C, 60°C and 75°C) with 
a Brookfield LV viscometer (Brookfield Engineering Lab., Stoughton) by a number 3 
spindle. 
2.5.2 Molecular Weight 
2.5.2.1 From Intrinsic Viscosity 
The intrinsic viscosity of alginate was used as a means of estimating the molecular 
weight (Smidsrod & Haug, 1968). The relationship between the intrinsic viscosity and 
weight-average molecular weight (Mw) of the alginate samples in 0.1 M sodium 
chloride can be represented approximately (Matsumoto & Mashiko 1990; Smidsrod, 
1970; Smidsrod & Haug, 1968) by: 
[ri] = 2.0 X 10-5 Mwi o 
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where [r\] is expressed lOOmL/g (note that [r|] is not a 'viscosity' at all, as it has units 
of reciprocal concentration which is in mL/g, rather than Pa s or Poise) (Ross-Murphy, 
1995). 
2.5.2.2 Gel Permeation Chromatography-Laser Light Scattering (GPC-LLS) 
Gel permeation chromatography (GPC) combined with static laser light scattering 
(GPC-LLS) is a convenient method for the determination of true molecular weight and 
its distribution without the aid of standard samples. The measurements of alginate were 
performed on a multi-angle laser light scattering instrument (MALLS) equipped with a 
He-Ne laser (人=632.8nm) (DAWN® DSP, Wyatt Technology Co.) in an angular range 
from 49 °C to 135 °C at 25+1 The DAWN^ DSP multi-angle laser photometer 
mentioned above combined with a peristaltic pump pi00 equipped with a TSK-GEL 
G6000 PWXL column (7.8mmx300mm) and a differential refractive index detector 
(RI-150) at 25 The eluent was 0.5 M NaCl solution with a flow rate of 1.0 mL/min. 
The refractive index increments (dn/dc) were measured with a double-beam 
differential refractometer (DRM-1020, Otsuka Electronics Co.) at 633nm and at 25 
The polysaccharide solutions were dialyzed against the eluent for 72 hr. The value of 
specific refractive index increment dn/dc in 0.5 M NaCl solution was determined to be 
0.133 cm3g-i. All the solutions used were filtered with a sand filter, and then 0.45 jiim 
filter (Whattman, England). Astra software was utilized for data acquisition and 
analysis. Weight-average molecular weight (Mw) and Number-average molecular 
weight (Mn) were calculated according to the GPC-LLS results (Ding et al., 1998). 
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2.6 Functional Properties of Alginate 
2.6.1 Emulsifying Activity (EA) and Emulsion Stability (ES) 
The emulsifying activity and emulsion stability of the alginate samples were 
determined according to the method of Yasumatsu et al. (1972) with some 
modifications. A 100 mg of alginate sample was added into 10 mL distilled water in a 
50 mL graduated centrifuge tube. The mixture was homogenized at 12,000 rpm for 30 
sec with a PT-3000 Homogenizer (Polytron, Kinematica AG, Switerland). Ten 
milli-litres of corn oil was then added into centrifuge tube and the mixture was further 
homogenized at 12,000 rpm for 1 min. The emulsion formed was centrifuged at 240 g 
for 5 min. The EA was calculated from the ratio of the volume of the emulsion to the 
total volume of the initial materials expressed as a percentage. 
For ES, the emulsions prepared from above were heated in a water bath at 80 
for 30 min and cooled to room temperature. The centrifuge tube was then further 
centrifuged at 240 g for 5 min. The ES was calculated in the same way as EA and was 
also expressed as a percentage. 
2.6.2 Gel Formation 
The method of gel preparation was modified from a commercial standard method 
(Kelco Co. Ltd) (Howell et al, 1998). Sodium alginate (3 g) was slowly dispersed in 
200 mL distilled water with vigorous mixing for 10 min and standed for 1 hr to give a 
1.5% stock solution. Twenty milli-litres of this solution were used for gel preparation 
each time. Calcium chloride (0.4%, 4 mL) solution and gluconic acid lactone (0.1%, 2 
4 9 
mL) were added to the alginate solution (20 mL). The solutions were stirred gently for 
2 min and the gel was allowed to set in a labelled 100 mL beaker at 4 overnight. 
2.6.3 Gel Strength and Syneresis 
The strength of the gels prepared in 2.6.2 was measured by a Texture Analyzer 
(TA-XT2i, Stable Micro System Ltd.) with a cylindrical probe (P/0.5) at room 
temperature. The probe was penetrated into the alginate gel at a compression rate of 
0.5 mm/s to a depth of 4mm where the maximum force reading (i.e. the resistance to 
penetration) was obtained and translated as the 'Strength' (g) of the gel. This 
penetration method is an industrial standard method for gelatin gels (the Bloom test) 
(British Standard BS757). Figure 2.3 shows a typical graph of texture expert plot of the 
texture analyzer. 
Syneresis was measured as the final weight of the gel relative to the initial weight 
of the gel as determined by the total volume of the gelling solution (Draget et al., 1991). 
This was simply done by placing the gel on a water absorbent paper at room 
temperature with cover. Syneresis was measured and calculated by the following 
equation: 
[(Wi-Wf) / Wi] X 100% 
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Figure 2.3 A typical texture expert plot by a Texture Analyzer. 
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2.6.4 Application in Food - Fruit Jelly 
Fruit jelly was prepared by a modification of the method of Mouquet et al. 
(1997). Canned peach in heavy syrup (Del Monte) was obtained from the local 
supermarket. The fruit were first blended and squeezed via a cheesecloth to remove 
any residue left. Initial total solids content of the juice was 19.8 °Brix measured by a 
refractometer (Auto Abbe Model 10500, Leica Inc, New York) and it was adjusted to 
40 °Brix with the addition of sucrose. The pH of the final texturized fruit juice was 
found to be 4 without adjustment. 
Fruit gel composition for this experiment was given in Table 2.1. All ingredients 
were heated to 65 °C and the fruit gel was formed by gelation of internal setting at 
room temperature. A 50 mL 1.5% alginate solution was added to 50 mL texturized 
fruit juice. Calcium ions (tricalcium phosphate) (2%, 10 mL) were then added to the 
mixture. Glucono-delta-lactone (1.5%, 10 mL) was than added and the hydrolysis 
(glucono-5-lactone gluconate + H^) release calcium ion progressively by slow 
acidification of the mixture. The alginate gelation began with the formation of 
guluronate-calcium chelates. According to Bergstorm et al. (1990), when free calcium 
ions and guluronate residues were very closed to each other, chelates were formed 
within milli-seconds. This was followed by organization of chelates in junction zone 
(guluronates + Ca^^ — guluronate-calcium chelate). Finally, the gelation process was 
terminated by fiirther alginate chain aggregation leading to syneresis and gel shrinkage 
(Mouquet et al., 1997). 
The gel strength and syneresis of the fruit jelly formed was measured by the 
method described in section 2.6.3. 
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2.7 Data Analysis 
All analyses were performed in triplicate except the % yield of alginate and fruit 
jelly that were done in duplicate. The data obtained were analyzed by Statistical 
Package for Social Sciences (SPSS 9.0, 1999). One-way analysis of variance 
(ANOVA) and Tukey HSD were carried out to test for any significant differences 
among seaweed species, and the mean values between the chemical composition of 
alginate extracted by the two different methods (2.3.1 and 2.3.2) were analyzed by 
paired T-test. 
Table 2.1 Composition of texturized fruit jelly. 
Composition Concentration (%) Volume (mL) 
Fruit Juice - 50 
Alginate 1.5 50 
Calcium Salt 2 10 
Glucono-5-lactone 1.5 10 
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CHAPTER THREE: RESULTS AND DISCUSSION 
3.1 Proximate Composition of Selected Seaweed 
Chemical composition of seaweed varies with individuals, species, habitats, 
maturity, and environmental conditions. In this section, the proximate composition of 
four brown seaweed species, S. hemiphyllum, S. siliquastrum, S. patens and P. 
arhoresceus, collected at wintertime from Tung Ping Chau, Hong Kong (Figure 2.1) 
were reported. 
Results of the contents of moisture, ash, crude protein and total sugar of 
seaweed selected for this study are summarized in Table 3.1. Since the lipid content in 
seaweed was only 1-2% on a dry basis (Ito & Hori, 1989), we did not carry out any 
further study on the lipid composition. 
3.1.1 Moisture Content 
The water content of fresh seaweed, like vegetables, was between 70-90% 
(Jensen, 1993) and the moisture content of air-dried seaweed was about 10-20% dry 
weight (Ito & Hori, 1989). It is very important to remove the water soon after 
harvesting from seaweed to prevent deterioration. Similiar to previous findings (Chan 
et al.，1997), under different drying methods, the moisture contents of the oven-dried 
seaweed were lower than those of freeze-dried and sun-dried samples as oven drying 





























































































































































































































































































































































































In Table 3.1, the moisture contents of seaweed under the same oven-drying 
conditions were significantly (p<0.05, one way ANOVA, Tukey-HSD) different from 
each other except that no significant differences were found between S. siliquastrum 
and P. arhoresceus. Moisture contents ranged from (7.51±0.03% sample weight) in S, 
hemiphyllum to (10.20±0.05% sample weight) in S. siliquastrum. The moisture 
content of the oven-dried seaweed varied with species. Early findings showed the 
moisture content of brown seaweed varied from 9.5% in Laminaria japonica to 13.6% 
in Hizikia fusiforme (Ito & Hori，1989). The moisture contents were used in the 
conversion of seaweed sample weight into percentage dry matter (%DW). 
3.1.2 Ash Content 
Ash was the second most abundant chemical constituent of the seaweed samples 
with carbohydrate content being the most abundant one (Table 3.1). Seaweed has a 
high content of ash when grown in a medium with high ionic strength like seawater 
(Kesava & Singbal, 1996). The ash content of P. arhoresceus (15.5%) was 
significantly (p<0.05) lower than that of the three Sargassum species. Within the 
Sargassum species, S. hemiphyllum had the highest ash content (20.6%) while S. 
siliquastrum had the lowest (16.5%) (Table 3.1). These results agreed with the 
previous findings that ash content of seaweed varied widely from 8% to 40% (Ito & 
Hori, 1989). Moreover, the ash content was comparable to that of other seaweed 
species such as S. vulgare and S. enerve (19.3-20.5%) (Behairy & El-Sayed, 1983). 
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3.1.3 Crude Protein Content 
In Table 3.1, the crude protein content of the four seaweed were significantly 
(p<0.05) different from each other. It varied from a low value of 7.72% in P. 
arhoresceus to 10.1 % in S. siliquastrum which lied within the range (3-15%) for 
brown seaweed that had been reported previously (Fleurence, 1999). When compared 
to previous findings, the crude protein level in these four seaweed was higher than the 
Gracilaria species (6.9%) (red seaweed), peas (3.4%) and broccoli (4.1%) but much 
lower than soy beans (38%) (Noriziah & Ching, 2000). 
Compared with the Sargassum species, the crude protein content of R 
arhoresceus was the lowest (p<0.05). In contrast, it had been reported that the crude 
protein value of Sargassum filipendula (8.72%) was lower than that of Padina 
gymnospora (9.86%) (Robledo & Pelegrin, 1997). The protein values of other 
subtropical Sargassum (5.92-6.86%) and Padina gymnospora (6.76%) reported 
previously were even lower than the present seaweed samples (Burkholder et al., 
1971). However, it had also been reported that the crude protein value of Sargassum 
ranged from 24-27 % dry weight (Yun, et al., 1990). This implied that crude protein 
content varied greatly within the brown seaweed. 
Actually, protein in seaweed usually account for 5% to 40% of dry weight. But a 
large amount of viscous substances in the seaweed interferes with the extraction and 
purification of proteins that are firmly bound to cell walls. Therefore, almost all of the 
available data reported were the results of analyzes of crude protein products (Ito & 
Hon, 1989). 
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3.1.4 Carbohydrate Content 
This is a measure of the sum of neutral sugars, amino sugars and uronic acids by 
gas chromatograph (GC) and colorimetric methods. Carbohydrate was the most 
abundant constituent in the four seaweed species ranging from 52.4% in P. 
arhoresceus to 61.7% in S. hemiphyllum (Table 3.1). The carbohydrate content of the 
four seaweed species were significantly (p<0.05) different from each other with the 
Sargassum species having a higher value. 
To conclude, the total carbohydrate content and the ash were the most abundant 
components found in the brown seaweed and these results were consistent with 
previous reports on brown seaweed (Darcy-Vrillon, 1993; Ito & Hori, 1989). The 
actual amount of the various components in seaweed might vary due to season, 
location and analytical methods (Robledo & Pelegrin, 1997). The recovery of the 
proximate analysis of the three Sargassum species was good, ranging from 89.4% to 
99.6% and that for P. arhoresceus was fair with only 85.7% (Table 3.1). The chemical 
constituents of the seaweed varied among species even within the same genius of 
Sargassum. 
3.2 Chemical Composition of Alginate Extracted from Two Different 
Methods 
In this section, the chemical composition of alginate extracted from S. 
hemiphyllum, S. siliquastrum, S. patens and P. arhoresceus, by different methods were 
investigated. Table 3.2 shows the effect of extraction methods on the chemical 
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composition of alginate from the four seaweed species. The extracted alginate were 
characterized by measuring their moisture content, ash content, crude protein content, 
monosaccharide composition and M/G ratio. 
3.2.1 Percentage Yield 
� The relationship between the yield of alginate extracted from the four seaweed 
species and the two different extraction methods was investigated. The yields of 
alginate obtained from Method A ranged from 34.9-48.4 %DW of seaweed and were 
significantly (p<0.05, two tailed t-test) higher than that from Method B by which the 
percentage yield in DW of alginate only ranged from 17.7% to 27.8% (Table 3.2). The 
fluctuation in the yields of alginate in brown seaweed may be influenced by the 
availability of nutrients for alginate synthesis in the medium, the different growth 
stages, and other environmental factors such as temperature, salinity, and pH (Percival 
& McDowell, 1967). 
Alginic acid usually makes up 10-30% of dry algal weight (Ito & Hori, 1989). 
Our result from Method B agreed with previous findings that the percentage yield of 
alginate in Sargassum species was 32% while that in Padina was only 18.5% (Omar et 
al, 1988). The percentage yield in this study especially for Sargassum species was 
high and comparable to other commercially used seaweed, such as Ascophyllum 
nososum (20-30%), Macrocystis pyrifera (13-24%) and Laminaria hyperborea 






































































































































































































































































































































































































































































The higher % yield for alginate obtained by Method A might be due to the smaller 
number of steps involved and hence resulted in lesser loss during extraction. Even so, 
the alginate yield in Method A was still surprisingly high. One of the explanation 
might be the existence of excess calcium residue as calcium ions in the solution was 
used for precipitation in Method A and Method B did not have this additional step. As 
a result, the purity of alginate from Method A might be lower than that from Method 
B. 
3.2.2 Carbohydrate Content 
The purity of the extracted alginate was measured and expressed as percentage 
carbohydrate content. In Table 3.2, the carbohydrate content of the samples from 
Method A (46.2-57.5% DW of alginate) was significantly (p<0.05) lower than that 
from Method B (81.6-92.7%DW of alginate) despite a higher gravimetric yield of 
alginate from Method A. Such differences implied that Method B could extract 
alginate with higher purity. Although the content of alginate may be different among 
different species and the seasons harvested (Jensen et al., 1985), the difference in the 
present results was due to the different extraction methods. As mentioned above 
(3.2.1), more purification steps were applied for alginate obtained from Method B 
(Figure 2.2). These included treating the crude alginate with ethanol to precipitate 
sodium alginate followed by re-dissolving the precipitate in distilled water and 
re-precipitating in acid before final precipitation in ethanol. 
Moreover, it had been reported that pre-treatment with formaldehyde followed by 
acid washing as the best procedure to obtain a product with high viscosity and good 
yield, revealing that ion exchange with Ca^ /^H^ was not as important as it had been 
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described (Hernandez et al., 1999a). When pre-treating with formaldehyde during 
extraction, as phenolic or polyphenolic compounds that implicated in the degradation 
of sodium alginate in the brown seaweed matrix were removed, the intrinsic viscosity 
increased (Wedlock & Fasihuddin, 1990). The acid wash step as a purifying process 
help to remove other acid-soluble substances and impurities. For alginate obtained by 
Method A, calcium chloride solution was used to precipitate the alginate as calcium 
salt (Figure 2.2) but no acid wash step was applied to remove the excess calcium and 
other acid-soluble substances. The residual calcium and impurities might account for 
the high % yield (gravimetrically) but low alginate content of the alginate obtained 
from Method A. 
3.2.3 Moisture Content 
The moisture content of alginate from Method A was significantly (p<0.05) 
higher than those from Method B (Table 3.2). The moisture content of the alginates 
obtained from both methods varied from 4.29% to 9.99% conformed with the 
standard purity test of sodium alginate that specified a less than 15 % loss in weight 
during drying (FAO/WHO 1992). Besides, our result was much lower when 
compared with an earlier finding that had 14.0% in Padina species and 20.0% in 
Sargassum species (Omar et al., 1988). The difference was mainly due to different 
drying methods used as the sodium alginate was oven-dried at 35-40 °C for the 
previous study and our alginate samples were freeze-dried. 
3.2.4 Ash Content 
The ash content of alginate could be accounted by major cations such as sodium, 
potassium, calcium, magnesium and aluminum (Chan et al, 1997). The ash content in 
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alginate from Method A (37.6-51.9%) was significantly (p<0.05) higher than Method 
B (22.1-32.9%). It could be due to the effect of an excess precipitation step by calcium 
chloride when collecting crude alginate from Method A. The lower ash content values 
for alginate from Method B indicated a lower mineral content, as calcium chloride 
precipitation was not involved. 
3.2.5 Residual Protein Content 
Alginate samples extracted from Method A (0.56- 2.19%) had a significantly 
(p<0.05) lower residual protein content than that from Method B (1.35- 5.13%) except 
for alginate from S. siliquastrum which gave a significantly (p<0.05) higher residual 
protein from Method A (Table 3.2). In this study, it was found that residual protein 
content varied with extraction methods. Both methods retained more protein when 
compared with the previous work of Jork et al. (2000) which showed that the protein 
content of the alginate was below detection level. The protein loss in alginate during 
extraction was higher in Method A than in Method B. 
3.2.6 Monosaccharide Composition of Alginate 
Figure 3.1 shows the alditol acetates of the neutral and amino sugars separated on 
a DB-225 capillary column. A total often sugars including 8 neutral sugars: arabinose, 
fiicose, galactose, glucose, mannose, ribose, rhamnose and xylose and two amino 
sugars, galactosamine and glucosamine were used as standards. Figure 3.2 shows the 
effect of extraction methods on the monosaccharide content (%DW of the alginate). 
For all alginate samples, total sugar content (including neutral sugars, amino sugars 
and uronic acids) from Method B was significantly (p<0.05) higher than that from 


























































































































































































































































































































































































































































































































Table 3.3 shows the monosaccharide composition of alginate extracted by 
Method A and Method B. The data were calculated from the results of gas 
chromatograms. For both methods, the most abundant sugar constituent was uronic 
acids, accounting for more than 60% of the total sugar. The difference in the total 
monosaccharide content was mainly due to the large variation of uronic acid content 
from 19.2 -33.9% in Method A to 54.4-59.5% in Method B (Figure 3.2). 
Galactosamine was the second major constituents in the alginate of the 
Sargassum species from Method A but was not found in the Padina species and 
samples from Method B (Table 3.3). For the Sargassum species, the multi-extraction 
steps in Method B might cause a total loss of galactosamine and hence no such sugar 
was found in the alginate obtained by this way. However, for the Padina species, no 
galactosamine was found in alginate from either method, indicating a total absence of 
this amino sugar in the seaweed species. 
For the Sargassum species, the other significant monosaccharides from Method 
A were glucose and mannose (Table 3.3). Moreover, galactose was found in both 
samples from Methods A and B ranging from 0.60% to 15.2%. However, in R 
arhoresceus, only two monosaccharides: galactose and uronic acids were present. The 
results indicated that the alginate of Sargassum species from Method A had more 
different monosaccharides. 
3.2.7 M/G Ratio 
Figure 3.3 shows the effect of extraction methods on the M/G ratio of seaweed 
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Figure 3.3 M/G ratio of seaweed alginate from extraction methods A 
andB. 
Means figures (within the same source) with different letters (a-b) are significantly different 
(p<0.05, paired t-test) 
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Method B was significantly (p<0.05) higher than that of Method A but the reverse was 
found in S. patens. No significant difference (p<0.05) in the M/G ratio was found in 
the alginate of R arboresceus extracted by different methods. Numerous workers had 
reported that the M/G ratio and the block structure within an alginate could have a 
profound effect on the physical properties of the alginate and rheological properties of 
the corresponding gels (Grant et al, 1973; Haug & Smidsrod 1965; McDowell, 1986). 
The gel-forming capacity of alginate are affected by their M/G ratio with high 
G-alginate forming firm and brittle gels and high M-alginate forming soft and elastic 
gels (Morris, 1986). 
Our results (M/G ratio ranging from 0.68 to 1.42) were in agreement with 
previous findings (Ahmad et al., 1994) which indicated that most alginate had M/G 
ratios ranging from 0.42 to 2.10. No general trend was observed on the M/G ratio of 
seaweed alginate obtained from different extraction methods. 
3.2.8 Summary 
Table 3.4 summarizes the effect of different extraction methods on the chemical 
composition discussed above. In general, alginate from Method A gave higher % yield, 
ash content, moisture content while alginate from Method B gave higher alginate 
content, crude protein content and total monosaccharide content. However the effect 
of different extraction method on M/G ratio varied with seaweed species. 
As our focus is to characterize and evaluate high quality alginate obtained from 
different seaweed sources, we will further discuss the physico-chemical properties of 
alginate extracted from Method B as they had a higher monosaccharide and alginate 
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content that are essential for the quality of alginate. Also, all alginate from Method B 
with a M/G ratio lowers than one can be used to form firmer gel that is in great demand 
globally. On the other hand, although Method A produces alginate with relatively 
higher ash and moisture content, these are not important determining factors for 
alginate applications. Moreover, the higher % alginate yield (gravimetric) in Method 
A could be misleading due to the presence of impurities such as residual calcium 
resulted from processing. 
Table 3.4 Summary of chemical composition of alginate from S. 
hemiphyllum，S, siliquastrum，S. patens and P. arboresceus extracted 
by two different methods. 
Chemical Properties Method A Method B 
% Yield Higher Lower 
Alginate Content Lower Higher 
Moisture Higher Lower 
Ash Higher Lower 
Residual Protein Lower (except S. siliquastrum) Higher (except S. siliquastrum) 
Monosaccharide Lower Higher 
Content 
M/G ratio Lower (except S. patens) Higher (except S. patens) 
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3.3 Comparative Studies of Physico-chemical Properties of Alginate 
from Sargassum and Padina species 
The gelling properties, is the major food application of alginate, are not only 
influenced by the uronic acid composition (3.2.6) but also depend on 
physico-chemical properties such as viscosity which is a measure of its molecular 
weight (Gacesa et al., 1983). In this section, we will discuss the physico-chemical 
properties of alginate extracted by Method B from S. hemiphyllum, S. siliquastrum, S. 
patens and P. arhoresceus. 
3.3.1 Block Composition and M/G ratio 
As mentioned earlier, alginic acids are composed of units of D-mannuronic 
acid and L-guluronic acid residues joined by beta-l,4-linkage (Figure 1.5e). It had 
been postulated that the variations in the different physical behaviour of the alginate 
from different seaweed were due to the different proportions of mannuronic and 
guluronic acid residues (Jensen et al., 1985). Thus it is important to determine the 
block composition and M/G ratio of alginate (Honya et al., 1993). Alginate blocks can 
be separated into MM, GG and MG fractions by partial acid hydrolysis and 
fractionation. 
Figure 3.4 shows the block composition of uronates from the four seaweed 
alginate. The content of MG-block, MM-block and GG-block in all samples ranged 
from 27.5%-31.0%, 24.9%-34.5% and 37.0%-44.1%, respectively. The results showed 























































































































































































mannuronate (MM-block) and this was consistent with previous results (Fasihuddin et 
al., 1987; Yun et al., 1990). The amount of MM-block was significantly (p<0.05) 
lower than that of GG-block in all seaweed alginate, resulting in a M/G ratio of less 
than 1 by definition. As mentioned before, the M/G ratio is very important in 
determining the gel strength of alginate (Sime, 1990). 
Figure 3.5 shows the M/G ratio of alginate from five seaweed species. The M/G 
ratio of the alginate extracted from our seaweed samples was significantly (p<0.05) 
lower than that of the commercial alginate. Alginate from the commercial sample had 
the highest M/G ratio (1.42) followed by P. arhoresceus (0.95) while alginate of 
Sargassum species had a comparatively lower ratio that ranged from 0.68 to 0.94. The 
result was in consistent with earlier findings which showed that matured Sargassum 
species had a lower M/G ratio and Padina species had a higher M/G ratio, all of which 
were less than 1 (Omar et al., 1988; Wedlock et al., 1986). 
Compared to commercial samples such as A. nodosum which has a M/G ratio 
of 1.85 and M. pyrifera with a M/G ratio of 1.56 (Cottrell & Kovacs, 1980)，the 
alginate extracted from Sargassum and Padina species have relatively lower M/G ratio. 
It implies that these species have high-G alginate that can be used as a good gelling 
agent in food industry as alginate with lower M/G ratio that can form gel with higher 
strength is in shortage globally (Jensen, 1993). Since most of the commercial alginate 
sources are from the species which give higher M/G ratio (usually larger than 1) so 
both Sargassum and Padina can be a potential alginate sources with low M/G ratio for 






























































































































































































The viscosity of a fluid is a measure of its resistance to flow. Sodium alginate 
and most other alginate of monovalent metals are soluble in water to form smooth 
solution (no lumps) with proper mixing while alginic acid and calcium alginate are 
insoluble in water (Nussinovitch, 1997). 
The solution properties are dependent on both physical and chemical variables. 
The physical variables which affect the flow characteristics of alginate solutions 
include polymer size, temperature, shear rate, concentration of the gum in solution 
and the presence of other miscible solvents while the chemical variables include the 
presence of salts, sequestering agents and polyvalent cations (Nussinovitch, 1997). 
Viscosity measurements are most valuable in comparing polysaccharide samples 
obtained from different sources by various methods (Percival & McDowell, 1967). 
So the effects of these variables on viscosity of alginate obtained from different 
seaweed sources will be discussed in this section. 
It has also been suggested that the viscosity property of all alginate is affected 
by method of extraction (Wedlock et al, 1986). The rheological characteristic of the 
alginate extracted from Method B will be investigated as alginate is manufactured 
mainly because of its ability to give highly viscous solutions (Smidsrod, 1970). 
3.3.2.1 Intrinsic Viscosity - Capillary Viscometer 
The intrinsic viscosities of the alginate samples were determined in a 
Caiinon-Ubbelohde viscometer and the values were obtained by plotting values of 
75 
Tisp/c against c, where r|sp is the specific viscosity and c is the alginate concentration in 
g/lOOmL. These plots, on extrapolation to zero concentration, intersect at a point on 
the ordinate to give the intrinsic viscosity, [r|]. Figure 3.6 shows such plots for alginate 
extracted from the Sargassum and Padina species by Method B and Figure 3.7 shows 
the values of the intrinsic viscosity obtained by extrapolation as mentioned above. 
The intrinsic viscosities of alginate from the four seaweed species (9.67-22.8 
dL/g) were significantly (p<0.05) different from each other except between S. 
hemiphyllum and S. patens. Alginate obtained from S. patens gave a higher intrinsic 
viscosity value (22.8) that was similar to that of S. hemiphyllum (20.8). Alginate of S. 
siliquastrum had a significantly (p<0.05) lower intrinsic viscosity value (16.4) 
followed by P. arhoresceus (9.67). As viscosity is the best index for food applications 
of alginate (Ragaza & Hurtado，1999), S. patens and S. hemiphyllum might have 
greater potential to be used in food industry as they contained alginate with higher 
viscosity. 
It had been reported that the intrinsic viscosities depended on the source and 
species of seaweed and alginate from Sargassum species possessed a higher intrinsic 
viscosity compared with Padina species. (Omar et al., 1988). Our results were in 
agreement with these findings. However, the [r|] of these earlier findings ranged from 
3.12 dL/g in Padina species to 6.50 dL/g in Sargassum species which were 
comparatively lower than our results (9.67-22.8 dL/g). One of the possible 
explanations for this is the difference in the ionic strength of the solution used for 
viscosity measurement (Smidsrod, 1970). The solvent used for the previous study was 
0.2M NaCl while O.IM NaCl was used for our samples. It was found that intrinsic 
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Figure 3.7 Intrinsic viscosity of alginate from S, hemiphyllum, 
S, siliquastrum, S. patens and R arhoresceus. ^  
'Figures with different letters differ significantly at p<0.05, ANOVA, Tukcy-HSD. 
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3.3.2.2 Solution Viscosity —Brookfield Viscometer 
Solution viscosity is usually measured by rotational viscometers designed for the 
study of non-Newtonian liquids. In this section, the commercial alginate (M pyrifera) 
was also used for comparison. A Brookfield viscometer was used and the effects of 
temperature and concentration on the viscosity of alginate were examined. 
3.3.2.2.1 Effect of Temperature 
The viscosity measurement of alginate from five seaweed species {S. 
hemiphyllum, S. siliquastrum, S. patens, R arhoresceus and the commercial alginate 
from M pyrifera) at different temperatures (20�C, 4 0 � C , 6 0 � C and 7 0 � C ) were 
determined. Figure 3.8 illustrates the effect of temperature on the viscosity of sodium 
alginate solutions of the five seaweed species. It was clearly shown that viscosity of 
the alginate solution decreased with the temperature for all five samples. 
The viscosities of the five alginate solutions were significantly (p<0.01) different 
from each other. They decreased in the order of S. patens, S. siliquastrum, S. 
hemiphyllum, P. arhoresceus andM pyrifera. The alginate of S, patens had the highest 
values (1782-5255 cps) which were about ten times more than the values of M 
pyrifera (144-564 cps). Higher values of viscosity were found in the alginate from all 
the three Sargassum species while the alginate of/! arhoresceus possessed a relatively 
lower viscosity. However, the viscosity of all alginate extracted from local seaweed 
were higher than that of the commercial alginate. Therefore, it seemed that the local 
































































































































































Loss in viscosity with an increase in temperature is common to most 
polysaccharide solutions. In general, a loss of approximately 12% in viscosity was 
observed for each 6 °C rise in temperature (Clare，1993). The decrease in viscosity is 
reversible when alginate solutions were cooled (Cottrell & Kovacs, 1980). For all the 
alginate samples, the % decrease in % viscosity from 20 °C to 70 varied from 
66-75%. Such change was consistent in all alginate samples and comparable to 
previous results (Clare, 1993). 
3.3.2.2.2 Effect of Concentration 
The flow properties of alginate are concentration dependent. A 2.5% 
medium-viscosity sodium alginate solution is pseudoplastic over a wide range of shear 
rates (10 to 10,000 s'^ ), whereas a 0.5% solution is Newtonian at low shear rates (1 to 
100 s-i) and pseudoplastic only at high shear rates (1,000 to 10,000 s"^ ) (Clare, 1993). 
Figure 3.9 shows the viscosity-concentration curves of alginate from the five seaweed 
samples. The viscosities of the alginate at various concentrations (0.5%, 1.0%, 1.5% 
and 2.0%) were determined and the results showed that viscosity of alginate increased 
with the concentration. 
The viscosities of the five alginate samples were significantly (p<0.01) different 
from each other at the same concentration. The viscosities of the alginate decreased in 
the order of S, patens, S. siliquastrum, S. hemiphyllum, P. arhoresceus and M pyrifera 
which was the same order as the effect of temperature discussed above (3.3.2.2.1). 
This showed that the viscosity of alginate was species-specific. 
All the alginate samples possessed low viscosity at 0.5% solution concentration 
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and the viscosity increased at higher concentrations. The viscosity of alginate from S. 
patens showed a tremendous increases and gave the highest values at all 
concentrations (149 cps at 0.5% and 9,254 cps at 2.0%) (Figure 3.9). The viscosity of.S'. 
patens at 1.0% solution concentration (1,020 cps) was 8-fold more than that of M 
pyrifera (127 cps) at same concentration and was similar to that o fM pyrifera at 2.0% 
concentration (1,106 cps). 
Comparing the viscosities of alginate among the five seaweed species, the higher 
values were found in all the Sargassum species followed by the P. arhoresceus and the 
M pyrifera gave the lowest values (Figure 3.9). Once again, it suggested that both the 
Sargassum and Padina species could be a good potential source of alginate for 
industrial application. 
3.3.2.2.3 Shear Thinning and Time Independent Effect 
Figure 3.10 illustrated the effect of shearing rate in rpm on viscosity of three 
different seaweed alginate at a 1.5% solution concentration at 25 All samples 
showed the shear-thinning characteristics. The viscosity of S, hemiphyllum and S. 
siliquastrum decreased gradually when the shear rate (rpm) increased while S. 
siliquastrum gave higher viscosity and steeper slope and S. hemiphyllum gave a nearly 
leveled curve. However, the curve of/! arhoresceus fluctuated more drastically at low 
rpm and decreased gradually when rpm increased. When shear rate was smaller than 
15, the viscosity of P. arhoresceus was higher than that of S. hemiphyllum but lower 
when shear rate increased. The decrease of viscosity when stirring speed was 















































































































































































































































































































































































Figure 3.11 shows the viscosity-shear rate curves of the alginate prepared from S. 
patens at different concentrations (0.5% to 2.0%). The result agreed with early 
findings that shear-thinning characteristics of alginate were most obvious at high 
concentrations (Clare, 1993). The graph of 2.0% solution gave the deepest slope and 
larger extent of thinning while that of 1.0% and 0.5% were nearly flattened and almost 
no shear thinning effect was observed at 0.5%. 
The flow properties of alginate solution appeared to be time independent. Figure 
3.12 shows the apparent viscosity-time curves of the seaweed alginate. All the alginate 
from the seaweed, including the commercial one showed the same effect even there 
were large differences in the viscosity of different seaweed alginate. All alginate 
solutions had almost constant viscosity at the time range tested (1-100s). 
Solution viscosity depends on temperature (the higher the temperature, the lower 
the viscosity), concentration (the higher the concentration, the higher the viscosity) as 
well as on thermal depolymerization, which, when occurs, is dependent on time, 
temperature and pH (Sime, 1990). 
In conclusion, provide constant external parameters as describe above, the 
alginate from the Sargassum species gave the higher viscosity followed by Padina 
species while the commercial sample gave the lowest viscosity. The alginate viscosity 
is a very important factor for the industry as the use of alginate depends mainly on its 
viscosity (Hernandez, 1999b). Generally, alginate with high viscosity (above 800 mPa 
s) are used in food, cosmetics while medium viscosity alginate (400-800 mPa s) are 








































































































































































































































































































































































paper making and textile printing. (Hernandez, 1999a). The seaweed tested had high 
viscosity (above 800 mPa s for Sargassum species and 703 mPa s for Padina, 1.5% 
solution concentration at 25 °C) and these, (especially that from S. patens) could be 
suitable in food application such as in salad dressing or fruit drinks containing pulp. 
3.3.3 Molecular Weight 
3.3.3.1 From Intrinsic Viscosity 
The use of alginate is almost invariably associated with their rheological 
properties and the intrinsic viscosity of alginate solutions can be a means of estimating 
the molecular weight, although other techniques (will be discussed below) are 
available (Smidsrod & Haug，1968). For alginate solutions in 0.1 M sodium chloride, 
the equation 
[r|] = 2.0 X 10-5MW 
was used to calculate the molecular weight, where ” is the intrinsic viscosity and Mw 
is the weight-average molecular weight. 
Table 3.5 illustrated the molecular weight obtained from the above equation 
based on [r|] determined in 3.3.2.1. The actual values ranged from 483,360 to 
1,138,200 which were comparatively higher than most commercial high-viscosity 
alginate that have a molecular weight of 150,000 corresponding to a degree of 
polymerization (DP) down to about 750 (Sime, 1990). The high viscosity of these 
alginate solutions implied that they could be a potential source for the commercial uses. 
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Table 3.5 Intrinsic viscosity and molecular weight of different 
seaweed alginate. 
[Tl] Mw 
Source (lOOmL/g) (approx)* 
S. hemiphyllum 208 ‘ 1,040,000 
S. siliquastrum 16.4 820,000 
S. patens 22.8 1,140,000 
R arboresceus 9.67 480,000 
* approximated to the nearest ten thousand 
In practice, the intrinsic viscosity is affected not only by the molecular weight of 
the alginate but also by the flexibility of the polymer chains. However, it was 
suggested that intrinsic viscosity was more closely related to the molecular weight of 
the polymer than to the block structure of the polymer (Matsumoto & Mashiko, 1990). 
The viscosity might still be a reasonable guide to the molecular weight. 
Solution viscosity ideally should be related to molecular weight (Sime, 1990; 
Nussinovitch, 1997) but this can be influenced significantly by the levels of residual 
calcium resulted from manufacture. However, for the extraction of alginate in Method 
B, no calcium was used for precipitation so this effect should be negligible in our 
samples. The molecular weight can be revealed by the viscosity without considering 
the calcium from manufacturing. 
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3.3.3.2 Gel Permeation Chromatograph-Laser Light Scattering (GPC-LLS) 
Figure 3.13(a-b) show the profiles of gel permeation of chromatograph of the 
seaweed alginate solutions determined by GPC-LLS at 25'ft. It had illustrated that the 
molecular weight distribution of the alginate samples from M. pyrifera and P. 
arboresceus were similar with sharp peaks and S. patens had two narrow peaks with 
approximate equal proportions. The GPC of S. hemiphyllum had a small shoulder peak 
plus one large broad peak and S. siliquastrum showed a very broad peak with lower 
concentration. It was clear that molecular weight distributions were influenced by the 
algal source and the method of extraction too (Clare, 1993). The molecular weight 
distribution can have implications for the uses of alginates, as low molecular weight 
fragments containing only short G-blocks may not take part in gel-network formation 
and consequently do not contribute to the gel strength (Moe et al., 1995). 
Table 3.6 illustrates the weight average molecular weight (Mw), the number 
average molecular weight (Mn) and the degree of polydispersity (Mw/Mn) of alginate 
solutions determined from gel permeation chromatography combined with static laser 
light scattering (GPC-LLS) (Figures 3.13a and b). The weight average molecular 
weight values ranged from 680,000 to 2,600,000 g/mol. These values were 
comparatively higher than the molecular weight of commercial preparations that 
ranged from 32,000 to 200,000 (Ito & Hori, 1989). Besides, the Mw of seaweed 
alginate were relatively higher when compared to early findings (Mackie et al.，1980; 
Martinsen et al., 1991; Smidsrod & Haug, 1968) that gave the Mw range of 
170,000-1,640,000 g/mol. However, in general, the Mw/Mn ratios of the alginate 
samples varied greatly from 1.5 to 18 that were comparatively higher than the early 
findings with a Mw/Mn ratio between 1.4-6.0 (Moe et al., 1995). 
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Figure 3.13a Gel permeation profile of seaweed alginate detected by 
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Figure 3.13b Gel permeation profile of seaweed alginate detected by 
laser light scattering (Sl-5'. hemiphyllum，S6-S,patens), 
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Table 3.6 Mw, Mn and Mw/Mn of alginate from different seaweed. 
Mw Mn Mw/Mn 
Seaweed Source (g/mol) (g/mol) 
S. hemiphyllum 3.5x10^ 1.9x10^ 18 
S. siliquastrum 1.2x10^ 1.3x10^ 9 
S. patens 2.6x10^ 1.8x10^ 1.5 
P. arhoresceus 6.8x10^ 2.5x10^ 2.7 
M pyrifera 1.0x10^ 2.2x10^ 4.9 
Alginate, like other polysaccharides in general, are poly-dispersive. A lower 
Mw/Mn gives lower degree of polydispersity which implies a relatively purer sample 
while a higher ratio indicates a wider distribution (Moe et al., 1995). Alginate of S. 
patens and P. arhoresceus showed a lower Mw/Mn value than the commercial one and 
this implied that these samples had a relatively high purity. On the contrary, alginate of 
S. hemiphyllum and S. siliquastrum were comparatively more polydispersed. This 
might due to more degradation of the alginate during the production process or prior to 
extraction. When compared with the alginate of M. pyrifera, S. patens had the lowest 
Mw/Mn ratio (Table 3.6) which implied a narrower distribution that made it a potential 
source for commercial alginate. 
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Moreover, when comparing with the values from 3.3.3.1 (Table 3.5), the 
molecular weight of the alginate samples obtained from GPC-LLS was relatively 
higher (Table 3.6). It might be due to the fact that the intrinsic viscosity method did not 
take into account the MG ratio or block structure of the alginate in determination the 
molecular weight. 
3.4 Comparative Studies of the Functional Properties of Extracted 
Alginate with Commercial Alginate 
Functionality has been defined as any property of a food ingredient, except its 
nutritional value, that affects its utilization (Kinsella, 1976). Potential functional 
properties include emulsification，foam formation, gelation, increased viscosity, and 
improved appearance, flavor, texture, and binding of fat or water (Ahmedna et al., 
1999). This section studies some functional properties of alginate obtained from local 
species and compares them with some commercial ones. 
3.4.1 Emulsifying Activity (EA) and Emulsifying Stability (ES) 
Emulsifying activity and emulsifying stability of various extracted alginate are 
presented in Figure 3.14. The EA of alginate from S. patens (96%) and P. arhoresceus 
(95%) were similar to that o f M pyrifera (97%) but was significantly (p<0.05) higher 
than that of S. hemiphyllum (71%) and S. siliquastrum (67%). The ES of alginate from 
S. patens (85%) was similar to that o^P. arhoresceus (82%) and significantly (p<0.05) 
higher than that of M. pyrifera (73 %). However the ES of alginate from S. siliquastrum 

























































































































































































































































































































The EA and ES of alginate from S. patens and R arhoresceus were comparable to 
those of the commercial sample. The emulsions of alginate were quite stable without 
any flocculation and little phase inversion upon heating. This was similar to the result 
of previous findings (Zayas, 1997). This suggested that S. patens and P. arhoresceus 
could be a potential alginate source for the use as emulsifier in food formulations such 
as salad dressing, sausages, ice cream and mayonnaise. However, the EA and ES 
values of alginate from S. hemiphyllum and S. siliquastrum were significantly (p<0.05) 
lower (especially the ES) than those of commercial ones, implying a lesser 
effectiveness as a food emulsifier. 
3.4.2 Gelling Properties 
When under controlled conditions, alginate could form gels with a number of 
divalent cations (Sime, 1990) and the most important gels, particularly in food 
applications, are the gels formed with calcium ions. In this section, we will focus on 
the formation of calcium alginate gel from different seaweed alginate and the 
measurement of gel strength (as an easily measurable property of main importance in 
food applications) and syneresis effect. 
3.4.2.1 Effect of Calcium Concentrations 
Figures 3.15a-c illustrated the gelling properties of alginate (fromM pyrifera) at 
various calcium concentrations and the other seaweed alginates have the same trend. 
When a small amount (low calcium conversion. Figure 1.9) of calcium solution was 
added, gels did not form but the viscosity of the mixture increased (Figure 3.15a). As 






Figure 3.15(a-c) Gels formed by M. pyrifera alginate at different calcium 
concentrations. 
a-0.1% calcium solution (too low): viscous solution, b- 0.4% calcium solution 
(appropriate): gel formed and c- 0.6% calcium solution (too high): precipitate formed 
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viscous as a homogeneous gel formed of which the gel strength could be measured 
(Figure 3.15b). However, when excess calcium ions was added, the gel formed was 
broken down into a suspension or paste and the gel structure finally collapsed (Figure 
3.15c). 
3.4.2.2 Gel Strength and Syneresis 
The gel strength of alginate prepared from different seaweed were significantly 
(p<0.05) different among each other except no significant difference was found 
between the alginate of ^ hemiphyllum and P. arhoresceus (Table 3.7). Alginate from 
S. patens had the highest gel strength (p<0.05) that was comparable to S. siliquastrum. 
They both were significantly (p<0.05) higher than that of the commercial alginate 
(Table 3.7). On the other hand, the gel strength of alginate from P. arhoresceus and S. 
hemiphyllum were significantly (p<0.05) lower than that of the commercial one. As 
gel strength is related to the M/G ratio (alginate with lower M/G ratio forming stronger 
gels), as mentioned in 3.3.1, our result in here did not fully agree with this. Alginate 
from Sargassum species (except S. hemiphyllum) with lower M/G ratio (0.68-0.82) 
formed gel with higher strength (30.1-33.4) when compared with the commercial one 
(Table 3.7). However, the commercial alginate had a higher gel strength than S. 
hemiphyllum and P. arhoresceus despite its higher M/G ratio. A possible explanation 
might be that the purity of the commercial alginate (3.3.3.2) was higher as relatively 
more G-blocks are present to contribute to the gel formation and resulted in a stronger 
gel. 
Syneresis is the water released during the aging of gel. High-G (lower M/G ratio) 
alginate that formed strong, brittle gels had a tendency to synerise, whereas high-M 
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(higher M/G ratio) alginate that formed weaker but more elastic gels were less prone to 
syneresis (Sime, 1990). Our results (Table 3.7) were not perfectly in agreement with 
this. The commercial alginate, M. pyrifera having the highest M/G ratio of 1.42 gave a 
lower syneresis of 6.10% that was lower than those of S. hemiphyllum (7.26%) and P. 
arhoresceus (6.47%). However, while the M/G ratio decreased in the order of S. 
hemiphyllum, S. patens and S, siliquastrum, the syneresis percentage decreased from S. 
hemiphyllum to S. patens followed by S. siliquastrum (Table 3.7). The differences 
could be due the variation in the purity of the alginate. 
Table 3.7 Gel strength and syneresis of alginate from different 
seaweed alginate \ 
Seaweed Source M/G ratio Gel strength (g) Syneresis (%) 
S. hemiphyllum 20.6^ 7.26 & 
S. siliquastrum 0.64 30.1'' 4.62^ 
S. patens 0.82 33.4' 5.62' 
P. arhoresceus 0.95 21.5^ 6.47^ 
M pyrifera 1.42 22.8^ 6.10^ ^ 
1 Mean values and standard deviation for three replicates. Means in columns with different letters (a-d) 
are significantly different (p<0.05, ANOVA, Tukey-HSD). 
'Results from Figure 3.5. 
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3.4.3 Application in Food 
Alginate has been eaten for hundreds of years as a constituent of kelp in specialty 
foods (Chapman, 1970) and alginate itself has been used in foodstuffs for 40 years 
(McNeely & Pettitt, 1993). As the ability to form gel is one of the most important uses 
of alginate, we try to make a food product (fruit jelly by internal setting) with the 
extracted seaweed alginate and compare it with the commercial one. 
There is currently a trend in the food industry towards improving quality control 
and therefore many simple tests have been developed in order to measure the 
physical/textural attributes of food materials. Amongst these, the measurement of 'gel 
strength' is of great importance (Gregson et al., 1999). Table 3.8 showed the gel 
strength and syneresis percent of the fruit jelly made from seaweed alginate and Figure 
3.16 showed the appearance of the fruit jelly produced. They were all yellow in color 
which was the original color of the fruit juice. 
The fruit jelly from S. patens showed the highest strength followed by S. 
siliquastrum and M. pyrifera. S. hemiphyllum and P. arhoresceus produced jelly with 
lower gel strength that was only half of that of S. patens. The gel strength in the fruit 
jellies was higher than that of the gel prepared from alginate alone (Tables 3.7 and 3.8). 
This suggested that alginate might have more pronounced gelling effect when 
combined with other food ingredients. 
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Table 3.8 Gel strength and syneresis of fruit jellies prepared from 
alginate from different seaweed. 
Seaweed Sources M/G ratio Gel strength (g) Syneresis (%) 
S. hemiphyllum 094 39^ L^S 
S. siliquastrum 0.64 58.9 1.27 
S. patens 0.82 71.9 0.98 
R arboresceus 0.95 32.8 0.97 
M pyrifera 1.42 53.1 1.95 
1 Results from figure 3.3 
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Figure 3.16 Appearance of fruit jelly prepared from different 
seaweed alginate. 
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In this case, the higher gel strength in the fruit jelly could be due to the presence 
of pectin in the fruit (peach) which was also a gelling agent. Alginate were compatible 
with a wide variety of food ingredients including other thickeners, synthetic resin, 
sugar, oils, fats, waxes, pigments, various surfactants and alkali metal solutions in 
forming gels (Clare, 1993). 
Besides, the syneresis percent of the fruit gel were lower (0.97-1.95) (Table 3.8) 
when compared with that of alginate alone (4.62-7.26) (Table 3.7). It suggested that 
the alginate/pectin gel had a lower tendency to release water after gelling. When 
compared with the M/G ratio, the fruit jellies prepared from the alginate of S. patens 
and S. siliquastrum had a higher gel strength and lower syneresis % (Table 3.8). This 
was in agreement with previous study which showed that high-G alginate (lower M/G 
ratio) formed stronger gel with lower syneresis (Sime, 1990). However, S. 
siliquastrum with M/G ratio lower than S. patens should give the highest gel strength 
but the result was the opposite. One of the possible explanations was that alginate from 
S. siliquastrum had lower molecular weight fragments containing short G-blocks that 
may not be involved in gel-network formation resulting in a lower gel strength. 
When compared to commercial alginate, the high gel strength and low syneresis 
percent of the alginate and gel product from both Sargassum and Padina species 
suggested that they could be a potential source of alginate in food application. 
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CHAPTER FOUR: CONCLUSIONS 
The brown seaweed (S. hemiphyllum, S. siliquastrum, S. patens and R 
arhoresceus) collected in Hong Kong coastal areas were studied for their proximate 
composition. The crude protein content, ash content, and the carbohydrate content of 
the Sargassum species were higher than those of the Padina species. 
The present study has compared two methods of isolating alginate from the 
four seaweed. Seaweed alginate from Method B showed higher monosaccharide 
content and alginate content while that of Method A produced alginate with higher ash, 
moisture and residual protein content. No general trend was observed for the M/G ratio 
of the alginate obtained from both methods. 
Seaweed are widely used because of their nutritional values and their 
phycocolloid content. The physico-chemical and functional analysis of the seaweed 
alginate from Method B were further compared with the commercial alginate. 
Alginate from Padina had a lower intrinsic viscosity and molecular weight than 
that from the Sargassum species. The solution viscosity o^S. patens was the highest 
and the M/G ratio of all the seaweed alginate was lower than 1. The comparative 
studies of the gelling properties of seaweed alginate with the commercial one showed 
that the Sargassum species (except S. hemiphyllum) formed firmer gel and had less 
tendency to synerise. 
In conclusion, the three local Sargassum species under study produced a high 
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quality alginate that can be used as a good gelling agent. This was based on its low 
M/G ratio (rich in guluronate residues) which is essential for the calcium ion-mediated 
gel formation of strong and brittle gel. Among the four seaweed species, S. patens and 
S. siliquastrum are more suitable for alginate production for the food industry based on 
their rheological characteristics and gelling properties. This was followed by R 
arboresceus and S. hemiphyllum. 
Sargassum and Padina species found in Hong Kong are not exploited 
commercially. These findings would provide information for assessing the potentials 
of these seaweed as alternative sources for the food and phycocolloid industry. In 
general, alginate with high M/G ratio are available in large quantities globally. The 
commercial sources of alginate are limited to certain seaweed species and the low M/G 
ratio alginate are in a shortage. Exploring new seaweed sources for alginate are 
necessary for the food industry. 
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